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PEEFACE. 



The Text-book now offered to the public has been prepared to 
meet the existing want of a practical "handy book" for the 



To mining men the word "assaying" conveys a sufficiently clear 
meaning, but it is difficult to define. Some writers limit it to 
the determination of silver and gold, and others imagine that 
it has only to do with " furnace-work," These limitations are 
not recognised in practice. In fact, assaying is becoming wider 
in its scope, and the distinction between " assayers " and 
"analysts" will in time be difficult to detect. We have en- 
deavoured rather to give what will be of use to the assayer 
than to cover the ground within the limits of a faulty 
definition. 

At first our intention was to supply a description of those 
substances only which have a commercial value, but on con- 
sideration we have added short accounts of the rarer elements, 
since they are frequently met with, and occasionally affect the 
accuracy of an assay. 

Under the more important methods we have given the results 
of a series of experiments showing the effect of varying conditions 
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on the accuracy of the process. Such experiments are often made 
by assayers, but seldom recorded. Statements like those generally 
made — ^that " this or that substance interferes " — are insufficient. 
It is necessary to know under what conditions and to what 
extent. 

Students learning any particular process cannot do better than 
repeat such a series of experiments. By this means they will, at 
the same time, acquire the skill necessary for performing an assay 
and a confidence in their results based upon work under different 
conditions. 

The electrolytic method of copper assaying given under Copper 
is a modification of Luckow's ; it was introduced by us into the 
ofiices of the Rio Tinto Copper Company, and has been in use for 
many years with success. This modification is now employed in 
copper-works in Spain, Germany, and England, and is used in 
place of the dry assay for the commercial valuation of copper 
ores. 

We have adhered to the gram and the " c.c." as the units of 
weight and volume. Those who prefer working with grains and 
grain-measures can use the figures given, multiplied by ten. For 
example : — ^When i gram is mentioned, lo grains should be used, 
and lo grain-measures take the place of i " c.c." It is not 
advisable to mix the two systems, as by using gram weights and 
grain-measures. 

We have intentionally to a large extent omitted to mention the 
names of those who have originated or modified the various 
processes. The practice of naming a process after its dis- 
coverer has developed of late years, and is becoming objection- 
able. It is a graceful thing to name a gas-burner after Bunsen, 
or a condenser after Liebig ; but when the pmctice has developed 
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SO far that one is directed to " FinkeneiL^e " a residue, or to use 
the " Reichert-Meissl-WoUny " process, it is time to stop. 

We are indebted to the standard works of Allen, Crookes, 
Fresenius, Lunge, Michell, Percy, and Sutton, and wish to express 
our sense of special indebtedness to Mr. Richard Smith, of the 
Royal School of Mines. One or two of the illustrations are taken 
from Mr. Sexton s excellent little book on Qualitative Analysis, 
Our obligation to some others is mentioned in the text. 

Finally, we have to thank for assistance in the experimental 
work Messrs. Bailey, Beswick, Clarke, Grant, Higgins, and 
Smith. 

THE AUTHORS. 
Cambobne, Nov. 1889. 
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A TEXT-BOOK OF ASSAYING. 



CHAPTER I. 
INTBODITCTOBY. 

Assaying has for its object the determination of the quantities of 
those constituents of a material which add to or detract f i*om its 
value in the arts and manufactures. The methods of assaying 
are mainly those of analytical chemistry, and are limited by various 
practical considerations to the determination of the constituents 
of a small parcel, which is frequently only a few grains, and rarely 
more than a few ounces, in weight. 'From, these determinations 
calculations are made, which have reference to a mass of material 
of, perhaps, hundreds of tons. But in all cases, whether the mass 
under consideration be large or small, whether the material be 
obtained by mining, grown, or manufactured, 'the assayer is sup- 
posed to receive a small quantity, called " the sample," which is, or 
ought to be, the exact counterpart of the mass of material that is 
being dealt with. The taking and making of this sample is 
termed " sampling'' ; and the men whose special work it is to select 
such samples are '' the samplers/' 

But although ** sampling " is thus distinct from " assaying," the 
assayer should be familiar with the principles of sampling, and 
rigorous in the application of these principles in the selecting, 
from the sample sent him, that smaller portion upon which he 
performs his operations. 

Sampling. — In the case of gases, there is absolutely no trouble 
in mixing. The only difficulty is in drawing off a fair sample 
where, as in flues, the body of the gas is in motion, and varies a 
little in composition frpm time to time. In this case, care must 
be taken to draw off uniformly a sufficient volume of the gas duiiiig 
a prolonged period ; any portion of this larger volmne may then 
be taken for the analytical operation! 
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In the case ofliquida^ which mix more or less easily — and this 
class includes metals, &c., in the state of fusion — more or less 
severe agitation, followed by the immediate withdrawal of a por- 
tion, will yield a fairly representative sample. 

In the case of solids, the whole mass must be crushed, and, if 
not already of fairly uniform quality, mixed, before sampling can 
take place. Most of the material which a sampler is called upon 
to deal with, is, however, in a more or less divided state and fairly 
uniform. In practice it is assumed that 5 per cent, of the whole 
( = ^th), if taken in portions of equal weight and at frequent and 
regular intervals, will represent the mass from which it was taken. 
Taking a heap of ore. A, and selecting one out of every twenty 
spade-, bag-, Imrrow-, or wagon-f uls, according to the quantity of 
stuff in the heap, there is obtained a second heap, B, containing 
one-twentieth of the stuff of the heap A. If we crush the stuff in 
B until this heap contains approximately the same number of 
stones as A did — which means, crushing every stone in B into about 
twenty pieces — B will become the counterpart of A. Selecting 
in the same manner 5 per cent, of B, there is got a third heap, C. 
This alternate reduction and pulverising must be carried on until 
a sample of suitable size is obtained. This may be expressed very 
clearly thus : — 

A = 1000 tons of rocks and lumpy ore. 

B =50 ,, y, rough stones, ^th of A. 

C = 2.5 yy it snudl stones, ^th of B. 

D = 0.125 „ „ coarse powder, ^th of C. 

If the material to be sampled is already a dry powder, 5 per 
cent, of it should be heaped in a cone ; each lot being added on 

Fig. I. 
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the apex of the cone ah^ady formed, so that it may distribute 
itself by falling evenly in all directions. When the cone is com- 
pleted, convert it into a low f rustrum of a cone by drawing stuff 
uniformly and in a direct line from the centre to the circum- 
ference. Draw two diameters at right angles to each other, and 
reserving any two alternate quarters, reject the others. Mix ; and 
form another cone, and proceed until a sample is got of the bulk 
required. 

This is the usual plan, and all samples should be treated in this 
way when the stuff is fine enough to fall evenly down the sides of 
a cone. 

Samples as they reach the assay office are seldom in a fit state 
for the work of the assayer ; they are generally too coarse, and 
ought always to be more than he wants for any particular deter- 
mination. The portion he requires should never be taken at 
hap-hazard; the sample must be reduced systematically to the 
quantity required. 

\.IfihA sample is a liquid : it is sufficient to shake the bottle, 
and take out a measured or weighed quantity for the assay. 

2. If a liquid with a solid in suspension : measure the whole 
of it. Filter. Make up the filtrate with the wash- water or water 
to the original bulk. Assay it. Dry and weigh the residue, and 
make a separate assay of it. 

3. If of a crecmiy consistency y free from heavy particles : mix well ; 
spread out evenly on a glazed tile. Take up equal portions at 
equal distances. Mix and assay. 

4. If a mud of coarse andjme particles, or of particles of unequal 
density : weigh and transfer to a porcelain dish, or weigh in the 
dish. Dry at 100" C, weigh. Treat the residue as a solid capable 
of being powdered. 

5. 7/* a solid capable of being powdered, or already powdered : 
heap up into a cone ; flatten with a spatula ; divide along two 
diameters at right angles, and carefully reject the whole of two 
alternate quarters, brushing away any fine powder. Mix the 
other quarters, and repeat (if necessary). For small quantities a 
fine state of division is essential. 

6. If a solid with metallic particles : powder and pass through 
a sieve ; the metallic particles will not pass through. Weigh both 
portions and assay separately. Sifting should be followed by a 
very thorough mixing, 

y.Ifa metal or cdloy in bar or ingot : clean the upper surface 
of the bar, and bore through the bar. Use the borings. If the 
ingot or bar is small, cut it through and file the section. Filings 
must be freed from fragments of the file by means of a magnet ; 
and from oil, if any be present, by washing with a suitable 
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solvent.* Where practicable, metals and alloys are best sampled by 
melting and granulating. The student must carefully avoid any 
chance of mixing dirt or particles of other samples with the par- 
ticular sample which he is preparing. One ore should be done at 
a time, and when finished, labelled and wrapped up, or bottled, 
before starting on a fresh sample. 

When an ore requires to be very finely ground in an agate 
mortar, it is often advisable to mix with a little pure alcohol and 
rub until free from grit; dry at loo** 0. and mix well before 
weighing. 

When an assay is required of a quantity of ore made up of 
parcels of different weight and quality, each parcel should be 
separately sampled and parts of each sample, bearing to each 
other the same proportion by weight as the original parcels, 
should be taken and mixed. For example, a lot of ore is made 
up of one parcel of A, 570 tons, one of B, 180 tons, and another 
of 0, 50 tons ; a sample representing the whole may be got by 
mixing 57 parts of a sample of A with 18 parts of a sample of B, 
and 5 parts of a sample of C. 

A bruising plate, like that in fig. 2, is convenient for general 

Pi 




Fig. 2. 

office work. The slab is of cast iron, about an inch thick. It is. 
firmly supported on a solid block of wood, and pivoted for con- 
venience in emptying. The bruising-hammer is steel-faced, about 
4 inches square, and \\ inch thick. The block is firmly fixed to a 
small table or tressel, so that the slab is about 2 feet 6 inches 

* Ether or carbon bisulphide. 
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from the ground. The slab is cleaned, and the sample coUected 
with the help of a stiff-haired brush. 

Drying: Determination of Moisture. — In practice, the 
moisture is generally determined by the samplers, and the pro- 
portion is specified in grains per pound on the label attached to 
the sample when it reaches the assay office. The method adopted 
is usually to dry i lb. » 7000 grs. of the ore in a frying-pan 
heated over a gas flame, or in an ordinary oven, until a cold bright 
piece of metal or glass is no longer damped when held over it. 
The loss of weight in grains =? moisture. 

Properly, however, this work should be done by the assayer, if 
only for the following reason. It is assumed that the dry ore of 
the sampler and of the assayer are the same thing ; according to 
the nature of the ore, this may or may not be the case. The 
assayer, however, uses the sample which he has dried for his 
moisture-determination, as the dry ore on which he makes his 
other assays, and no variation in moisture would influence the 
other and more important determinations. Some ores are sent 
to the smelter with from 5 to 15 per cent, of adherent water. In 
these cases it is best to spread out the sample, and taking equal 
portions fairly at regular intervals, weigh into a Berlin dish 20 
grams. This should then be dried over a sand-bath, or if the ore 
is likely to be injured by excess of heat, over a water-bath until 
the weight is constant. The loss of weight multiplied by 5 gives 
the percentage of water present. 

Example : — 

Weight of dish + wolfram .... 32,67 grms. 
„ „ dish 12.67 y> 



„ wolfram 



dish + wolfram 
„ dried 



„ water 



. 32.67 
. 30.15 

.= 2.52 



2.52x5 = 12.6 12.67.- 

There are other ores which are not apparently wet, but in the state 
called " air-dried." It is easier to take fair samples of these, and, 
consequently, it is not necessary to use so large a quantity as 20 
grams. But with a smaller quantity, extra precautions must be 
taken. All dry solids at ordinary temperatures absorb moisture 
from the air. The amount varies with the nature of the material 
and with the quantity of surface exposed. Light bulky powders 
absorb more than heavy ones, because of the greater condensing 
surface. It is on this account that it is well to weigh substances, 
^rhich have been dried, between close-fitting watch-glasses. The 
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method of determining moisture is to weigh out into the gkusses 
5 grams of ore, and dry in the water-oven until there is no further 
loss of weight. On taking the glasses out of the oven, they should 
be at once closed, the clip put on, and after cooling in a desiccator 
weighed. If after a second trial the loss is the same, or only in- 
creased by a milligram, the determination is finished. 
Example : — 

Weight of glasses + pyrites . 31.0470 grms. 

26.0470 



pyrites .... 
, glasses + pyrites, dried i hour 

»» »» >» ^2 >» 



dried 



5.0000 

30.8965 
308957 

31.0470 
30.8957 



„ „ moisture 0.1 5 13 

0.1513x20=3.026 8.027o« 

Sometimes it may be adviisable to dry 10 grams, in which case 
multiplying the loss by 10 will give the percentage. The dried 

A ore should be transferred to a weighing-tube (fig. 3), 
and reserved for the subsequent determinations. The 
weighing-tube with the ore must be marked, and kept 
in a desiccator. 

Most ores and inorganic subsl^uices can be dried, 
and their moisture determined by the loss in this 
way. When, however, the substance contains another 
somewhat volatile ingredient, it is exposed over sul- 
phuric add in a desiccator for two days (if in vacuo, 
all the better), and the loss determined. Moisture 
in dynamite should be determined in this way. 

When water is simply mechanically mixed with a 
substance it presents but little diificulty. The com- 
bined water is a different matter. Slaked lime, even 
^' when perfectly dry, contains much water ; and if the 
water of soda crystals were separated and frozen, it would 
occupy a volume equal to that of the original crystals. Perfectly 
dry substances may contain much water, and this combined water 
is retained by different materials with very unequal vigour. 
Sodium sulphate and sodium phosphate crystals lose water 
even when exposed under ordinary conditions to dry air. Soda 
crystals when heated melt, and at a moderate temperature give 
off their water with ebullition. The temperature at which all 
the water is given up varies with each particular salt ; the actual 
determination of the water in each case will require somewhat 
different treatment. Such determinations, however, are seldom 
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required; and from a practical point of A-iew this combined 
water causes no trouble. 

In assaying ores, we term " moisture " all water which is lost 
by exposure in a water-oven at ioo° C, and the " dry ore" is the 
ore which has been dried at this temperature. No advantage, but 
rather endless confusion, would be caused by varying Uie tempera- 
ture with the object of estimating the whole of the water which a 
hydrated salt may contain. The results of the assay of the other 
components should be calculated on the '' dry ore." One advantage 
of this is obvious : — ^The dry oi« has a constant composition, and 
the results of all assays of it will be the same, no matter when 
made ; the moisture, however, may vary from day to day, and 
would be influenced by a passing shower of rain. It is well to 
limit this variability to the moisture by considering it apart, and 
thus avoid having the percentage, say, of copper rising and falling 
under the influence of the weather. 

In the case of certain salts, however, such as soda crystals and 
hydrated sulphate of copper (when these constitute the bulk of 
the substance to be assayed), it is as well to perform the assay 
on the moist, or at any rate air-dried, substance.* It would 
be equally convenient to calculate on the substance dried at 
I go'' C; but in this case it would be well, in order to avoid 
a somewhat shallow criticism, to replace the term " moisture " by 
the longer but equivalent phrase " water lost at ioo° C." 

CalciLlation and Statement of Besults. — By far the most 
generally convenient method of stating the results of an assay is 
that of the percentage or parts in a hundred, and to avoid a 
needlessly troublesome calculation it is well to take such a quantity 
of ore for each assay as by a simple midtiplication will yield the 
percentage. In these calculations decimals are freely employed, 
and students should make themselves familiar with the methods 
of using them. 

Other methods of statement are in use, and have advantages 
in certain special cases. With bullion the parts in a thousand 
are given, and in those cases in which the percentage is very 
small, as in water analysis, it is convenient to report on parts 
in ioo,oco, or even on parts per 1,000,000. These are easily 
got from the corresponding percentages by shifting the decimal 
point one, three, or four places to the right. Thus 92.5 percent, 
is 925 per thousand ; and 0.0036 per cent, is 3.6 per 100,000, 
or 36 per million. 

With ores of tin, silver, and gold, the result is stated as so many 
cwts., lbs., or ozs., in the ton. With dressed tin ores as they are 

* Such substances are best dried by pressing between folds of dry 
filter-paper. 
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sent to the smelter, the produce is given in cwts. and quarters 
to the ton. The corresponding percentage may be obtained by 
multiplying by five ; or, inversely, if the percentage is given, the 
produce may be got by dividing by five. A produce of 13 J equals V 
a percentage of 13.5 x 5 = 67.5 ; and a percentage of 70.0 equals a 
produce of 70-7-5 = 14. With tin ores as raised (in which the 
percentage is small) the reduction must be carried to pounds per 
ton. One per cent, equals 22.4 lbs. to the ton ; consequently, if 
we multiply the percentage by 22.4, the produce will be given. 
Thus, if an ore contains 6.7 per cent, of oxide of tin, the produce 
is 6.7 X 22.4= 150 lbs. (or i cwt., i quarter, and 10 lbs.) to the 
ton. With gold and silver ores, the proportion of precious metal 
is small, and it is necessary to cany the reduction to ozs. and 
dwts. to the ton; and since gold and silver are sold by troy 
weight, whilst the ton is avoirdupois, it is of importance to 
remember that the ounces in the two systems are not the same. 
A ton contains 15,680,000 grains, which equal 653,333.3 dwts. 
or 32,666.6 ozs. (troy). The following rules are usiBful : — 

To get ozs. (troy) per ton, multiply parts per 100,000 by 0.327 ; 
To get dwts. per ton, multiply parts per 100,000 by 6.53 ; 
To get grains per ton, multiply parts per 100,000 by 156.8. 
Where liquids are being assayed, cubic centimetres are held to 
be equivalent to grams, and the usual method of statement is, 
" so many parts by weight in so many by measure." Where the 
statement is made as grams per litre or grains per gallon, there 
can be no doubt as to what is meant; and even if it be expressed 
in parts per 100,000, parts by weight in a measured volume must 
be understood unless the contrary is expressly stated. 

In some cases, where the density of the solution differs greatly 
from that of water, the percentage by weight may be given ; and 
in others, mixtures of two or more fiquids, the percentages may 
be given by volume or by weight; as so many c.c. in 100 c.c, or 
as so many grams in 100 grams, or even as so many grams in 
100 C.C. In such cases it must be distinctly shown which method 
of statement is adopted. 

One grain per gallon means i grain in 70,000 grain-measures, 
or one part in 70,000. Dividing by 7 and multiplying by 10 
will convert grains per gallon into parts per 100,000. Inversely, 
dividing by 10 and multiplying by 7, will convert parts per 
100,000 into grains per gallon. 

Grams per Utre are parts per 1000 ; multiplying by 100 will give 

parts per 100,000, and multiplying by 70 will give grains per gallon. 

Among foreign systems of weights, the French is by far the 

best. Kilograms (2.205 l^s.) P®^ quintal (220 5 lbs.) are parts 

per cent.; and grams (15.43 grs.) per quintal are parts per 
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100,000. From the rule already given, grams per quintal may 
be converted into ounces to the ton by multiplying by 0.327. 

The German loths per centner (} oz. (avoirdupois) to 100 lbs.) 
equal parts per 3200 ; they are converted into parts per cent, by 
dividing by 32, or into ounces (troy) per ton by multiplying by 
10.208. 

In the United States, as a sort of compromise between the 
avoirdupois and metric systems, a ton is taken as 2000 lbs. 
There, too, the custom is adopted of reporting the gold and silver 
contents of an ore as so many dollars and cents to the ton. In 
the case of gold, an ounce is considered to be worth 20.6718 
dollars. With silver, the nominal value is 1.2929 dollars per 
ounce, but frequently in assay reports it is taken as one dollar. 
The practice is objectionable. The prices of metals vary with the 
fluctuations of the market, and if the assayer fixed the price, 
the date of his report would be all important ; if, on the other 
hand, he takes a fixed price which does not at all times agree 
with the market one, it leaves a path open for the deception of 
those unacquainted with the custom. American " dollars on the 
ton of 2000 lbs." may be converted into " ounces in the ton of 
2240 lbs." by dividii^ by 1. 1544 in the case of silver, and by 
18.457 in the case of gold. 

Laboratory Books and Report Forms. — ^The record which 
the assayer makes of his work must be clear and neat, so that 
reference, even after an interval of years, should be certain and 
easy. One method should be adopted and adhered to. Where 
there are a large number of samples, three books are required. 

Sample Book. — ^This contains particulars of the samples (marks, 
Ac.), which are entered by the office-clerk as they arrive. He at 
the same time puts on each sample the distinguishing number. 

Example of Page of Sample Book. 



Date. 


Namber. 


Sample. 


Kemarks. 


Feb. I 


482 

X 
483 

73 

494 

1 J.T. 

2 J.T. 


Tough Copper 
Piece of Metal 
Tough Copper. 
Silver Precipitate, 

4 casks, 24 cwt. I qr. . 
Purple Ore, 200 tons. 
Lead Ore, i J.T. . 
„ 2 J.T. 


For Arsenic. 
For Ni and Cu. 

With Letter. 
From Corsica. 



Laboratory Book. This is the Assayer's note-book, in which he 
enters clearly the particulars of his work — the results obtained, as 
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well as how these results were arrived at. The calculations should 
be done on scrap-paper, and should not be entered, although, of 
course, detail enough must be shown to enable the results to be re- 
calculated. 

Example of Page of Labokatobt Book. 



Purple Ore 
19/10/89 



0.0042 grm. 
aoo2i „ 



482 

Tough Copper 

Feb. 1/89 



10.5 c.c. Uranium. 



5 grams 



Colorimetric 0.0063 x 20 = 0.1 37© Copper 



10 grams 
= o. 527o Arsenic 



2082 
Tough Copper 



12.70.0. Uranium. 



10 grams 
= o.63°/<, Arsenic 



491 

Tough Copper 

Feb. 1/89 



13.7 CO. Uranium. 



10 grams 
= o.68*/o Arsenic 



Standard of Uranium acetate. 

0.150 gram AsgO, = 23.3 c.c. Uranium 
.'. 100 cc. Uranium = 0.5 gram As. 



The Assay Book, — This is the Official book, and is a combination 
of the Sample and Laboratory books. It corresponds with the 
report-forms. Without being loaded with detail, it should contain 
sufficient to characterise each sample. 



1007 1 

Tin Ore 

Feb. 3/89 



Cruc. and SnO, 9.6065 grms. 
Cruc. and Ash 9.4235 ,, 

SnO, =0.1830 



5 grams 



= 2.887, Tin 
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Example of Page of Ajssat Book. 



DxBOiipnoir ov Sakplx. 



Date. 



Material. 



Weight. 



Abiat ov thx Dxt 

Matxbial. 



Il 



tonscwt. qn. 



Feb.i 



Feb. a 



ToQish oake copper 
Tough cake copper 
Toogh cake copper 

Nickel diM for C.B. 



Silyer precipitate, 
4 



Purple ore 



lbs, 



482' 
3082 

49x1 

X ! 



73 



Noi 



494 Not 
det. 



Arsenic, csa^/o 

Arsenic, 0.63% 

Arsenic, 0.68% 

Copper, 73.75 

Nickel, 34.34 

Iron, 3.x8 

X00.37 



Silyer, 4;85x 
Oold, 0.03X5 
Lead, 19.37 
Zinc, 3.00 
Silyer, 1584.7 ozs. per ton 
Oold, 7.0 ozs. per ton 
Copper, o.i3°/o 
Sulphur, o.i57o 



When the number of samples is small, the Sample Book may be 
omitted, and the entries made in the Assay Book as the samples 
arrive. 

Report-forms, These should entail as little writing as possible in 
making out the report. For general purposes the form given 
on p. 12 is useful. 

The quantity of substance to be taken for any particular 
assay depends largely upon the method of assay adopted. There 
are, however, some general considerations which should be remem- 
bered, and some devices for simplifying the calculations which 
should be discussed. 

The smaller the percentage of the substance to be determined, 
the larger should be the amount of the ore taken. The following 
table will give a general idea as to this : — 



to be determined. 


Amount of ore, ftc., to 
be weighed. 


100-10 

10-5 

5-1 

I-O.I 


1 gram. 

2 grams. 

5 » 
10 „ 


O.I-O.OI 


20 ;, 



The rougher the method of assay adopted, the larger should be 
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the quantity of ore taken. If the degree of accuracy attainahle 
with the methods and instruments at the assayer's service is 
known, it is easy to calculate what quantity should be taken for 
any particular case. If the results are good within o.ooi gram, 
then, taking i gram of ore we can report within o.i per cent., or 
if they are good within 0.0002 gram, taking 20 grams of ore, we 
can report within i part per 100,000, or very closely within 
6^ dwt. to the ton. If it is wished to be yet more particular in 
reporting, larger quantities must be taken. The difficulty of 
manipulating very small or very large precipitates, &c., must be 
borne in mind. So, too, must the fact that the greater the weight 
of the final product of an assay, the less, as a rule, is the percent- 
age error. The distinction between absolute and percentage error, 
often overlooked, is important. If 0.5 gram of silver be cupelled 
with 20 grams of lead, there may be obtained a button of 0.495 
gram ; the absolute loss is 0.005 S^^ ^'^^ ^^^ equals i per cent, 
of the silver present. Similarly, cupelling o.i gram, the resulting 
button may be 0.098 ; the absolute loss is only 0.002 gram, but this 
equals 2 per cent, of the silver present. In the same way the 
student ^ould see that the two results, 91.5 per cent, and 92.0 
per cent., are really more concordant than the results 9.1 per cent, 
and 9.2 per cent. 

A device often adopted in practice where a large number of 
assays of one kind are made, and the report is given as so many 
ounces or pounds to the ton, is that known as the assay ton. The 
assay ton may be any arbitrary and convenient weight, but its 
subdivisions must beur to it the same relations as pounds and 
ounces bear to the actual ton. On the other hand, in a labora- 
tory where many kinds of work are performed, different sets of 
weights of this kind would only tend to confusion, even if they 
were not unnecessary. With a set of gram weights and its sub- 
divisions anything may be done. If it is desired to report as 
pounds to the ton, then, since there are 2240 lbs. to the ton, a 
weight of 2.240 grams may be taken as the assay ton, and each 
0.00 1 gram yielded will equal i lb., or 22.4 grams may represent 
the ton, and each 0.0 1 gram a pound. Similarly, since there are 
32,666.6 ozs. troy to the ton; if we take 32.6667 grams as the 
assay ton, each 0.00 1 gram will equal i oz. to the ton. In some 
cases it may be convenient to have, in addition to the usual gram 
weights, one or other of the " assay tons " mentioned above, \mt 
generally it is better to work on a purely decimal system, and 
convert when required into ounces per ton, <fec., either by actual 
calculation or by reference to a set of tables. 
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Practical Exebcises. 
The student should practise such calculations as the following : — 

1. Calculate the percentages in the following cases : — 

(a) Ore taken, 2 grams ; copper found, 0.2155. 
(h) „ 1.5 gram ; iron found, 0.834a 

(c) „ 30 grams ; lead found, 23.2. 

2. Calculate the parts per thousand in the following : — 

(a) Bullion taken, i.i gram; silver found, 1.017. 

(b) „ 1. 14 gram ; silver found, 1.026. 

(c) „ 0.6 gram ; gold found, 0.550a 

3. Calculate parts per 100,000 in the following : — 

(a) Ore taken, 20 grams ; silver found, 0.0075. 

(b) „ 50 grams ; gold found, 0.0026. 

(c) Water taken, 500 c.c. ; solids found, 0.1205. 

4. Calculate cwts. to the ton in the following : — 

(a) Ore taken, 5 grams ; tin found, 2.816. 
(&) „ 5 grams; tin found, 3.128. 

(c) An ore with 68.2 per cent, of tin. 

5. Calculate lbs. to the ton in the following : — 

{a) An ore with 3.28 per cent, oxide of tin. 

(6) Ore taken, 20 grams ; oxide of tin found, i .67. 

6. Calculate ozs. (troy) to the ton in the following : — 

(a) Ore taken, 50 grams ; gold found, 0.0035. 

(b) „ 20 grams ; silver found, 0.0257. 

(c) „ 25 grams; silver found, 0.0164. 

7. Calculate in grains per gallon : — 

(o) 0.51 gram per litre. 

(6) 24.6 parts per 100,000. 

(c) Solution taken, 100 c.c. ; copper found, 0.0045 gram. 

{d) „ 50 cc. ; iron found, 0.165 gi^anu 

8. Convert into ozs. (troy) per ton : — 

(a) 7 loths per centner. 
(6) 30 grams per quintal, 
(c) 15 parts per 100,00a 
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CHAPTER II. 

METHODS OF ASSAYING.^DBY GBAVIMETBIC 
METHODS. 

The methods of assaying are best classed under two heads, Gravi- 
metric and Volumetric, in the former of which the final results 
are weighed, whilst in the latter they are measured. A commoner 
and older division is expressed in the terms much used in practice 
— ^wet assays and dry assays. Wet assays include all those in 
which solvents, &c, (liquid at the ordinary temperature), are 
mainly used ; and dry assays, those in which sohd re-agents are 
almost exclusively employed. We shall treat these dry assays as 
a branch of gravimetric work, including under this head all those 
assays requiring the help of a wind furnace. Wet assays, as 
generally understood, would include not only those which we 
class as wet gravimetric assays, but also cdl the volumetric 
processes. 

Gravimetrio Methods aim at the separation of the substance 
from the other matters present in the ore, so that it may be 
weighed; and, therefore, they must yield the whole of the sub- 
stance in a pure state. It is not necessary that a metal should be 
weighed as metal ; it may be weighed in the form of a compound 
of definite and well known composition. For example, one part 
by weight of silver chloride contains (and, if pure, always contains) 
0.7 52 7 part of silver ; and a quantity of this metal can be as exactly 
determined by weighing it as chloride as by weighing it in the 
metallic state. But in either case the metal or its chloride must 
be pure. 

Exact purity and complete separation are not easily obtained ; 
and methods are used which are defective in one or both of these 
respects. It is well to note that an impure product increases the 
result, whilst a loss of the substance decreases it ; so that if both 
defects exist in a process they tend to neutralise each other. Of 
dry methods generally, it may be said that they neither give the 
whole of the substance nor give it pure ; so that they are only 
calculated to show the amount of metal that can be extracted on 
a manufacturing scale, and not the actual quantity of it present. 
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Their detenninations are generally rough and always low. The 
gold and silver determinations, however, will compare very 
favourably with any of the other processes for the estimation of 
these metals in their ores. 

The calculation of the results of a gravimetric assay has already 
been referred to. If the result is to be stated as percentage, it 
may always be done by the following rule : — MvUiply the weiglU 
of the substance got by the percentage of metal it containSy atvd 
divide by the weight of ore taken. 

Gravimetric methods are divided into three groups: (i) me- 
chanical separations ; (2) dry methods ; and (3) wet methods. 

Mechanical Separations. — Under this head are classed the 
method of assaying tin ores, known as vanning, and the amalga- 
mation assay for gold. A set of sieves to determine the relative 
proportion of powders of different degrees of fineness is sometimes 
useful. A set with 10, 20, 40 and 80 meshes to the inch is con- 
venient. 

Dry Assays. — ^An important distinction between wet and dry 
methods of assaying is, that in the former the substance is got 
into the liquid state by solution, whilst in the latter fusion is 
taken advantage of. 

The difference between solution and fusion is easily illustrated : 
a lump of sugar heated over a candle-flame melts or fuses ; sus- 
pended in water it dissolves. Many substances which are insolu- 
ble or infusible of themselves, become soluble or fusible when 
mixed with certain others ; thus, in this way, solution is got with 
the aid of reagents, and fusion with the help of fluxes. For ex- 
ample, lead is insoluble in water, but if nitric acid be added, the 
metal rapidly disappears. It is convenient, but somewhat in- 
accurate, to say that the acid dissolves the lead. If the lead be 
acted on by nitric acid alone, without water, it is converted into a 
white powder, which does not dissolve until water is added ; in 
this case it is obvious that the water is the solvent. The function 
of the acid is to convert the lead into a soluble compound. 

Fluxes may act as true solvents. Fused carbonate of soda 
dissolves baric carbonate, and perhaps in many slags true solu- 
tion occurs ; but in the great majority of cases a flux is a solid 
reagent added for the purpose of forming a fusible ri n pound with 
the earthy or stony minerals of the ore. Few of the minerals 
which occur in the gangue of an ore are fusible ; and still fewer 
are sufficiently fusible for the purposes of the assayer, conse- 
quently the subject is one of importance, and it ought to be 
treated on chemical principles. An idea of the composition of 
some of the more frequently occurring rocks may be gathered 
from the following table, which represents rough averages :— 
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Sandstone, grit, quartz 
ite, &c 

Granite, gneiss, quartz 
porphyry, fire-clay, &c. 



Mica-schist . . 
Trachyte, syenite 
Clay-slate . . 
Diorite . . . 
Hornblende-rock 
Brick-clay . . 
China-clay . . 
Basalt, dolerite, &c. 
Serpentine . . . 
Chalk, limestone, dolo- 
mite, &c. . . 



SUica. 



7c 
80-100 
70-75 

60 
60 

54 

50 
50 

47 
50 
44 



Alaminft. 



Oxide of 
iron. 



7c 



13-20 

18 

17 
18 

17 
18 

34 
39 
15 



7o 



5 
7 

10 
12 

;i 

15 



Lime and 
maj^esia. 



AlkaUee. 



3 

4-7 

8 

9 

12 

6 

16 
44 

45-55 



5-8 
Let! in fire- 
clay. 

4 

3 
3-4 
3-4 



Silica itself, and the silicates of alumina, of lime, and of mag- 
nesia, are practically infusible ; the silicates of soda, of potash, 
and of iron are easily fusible if the base (soda, potash, or oxide of 
iron) be present in sufficient quantity, and if, in the case of the 
iron, it is present mainly as lower oxide (ferrous silicate). The 
addition of lime, oxide of iron, or alkali to silicate of alumina 
results in the formation of a double siUcate of alumina and lime, 
or of alumina and iron, (Sec., all of which are easily fusible. 
Similarly, if to a silicate of lime we add oxide of iron, or soda, or 
even alumina, a fusible double silicate will be formed. Thus lime, 
soda, oxide of iron, and clay, are fluxes when properly used ; but 
STQce lime, day (and oxide of iron if there be any tendency to 
form peroxide), are of themselves infusible, any excess of these 
fluxes would tend to stiffen and render pasty the resulting slag. 
So, too, soda, which is a very strong base, may act prejudicially if 
it be in sufficient excess to set free notable quantities of lime and 
magnesia, which but for that excess would exist in combination 
as complex fusible silicates. There are many minerals which with 
but little soda form a glass, but with more yield a lumpy scoria- 
cious mass. There are many minerals, too, which are already 
basic (for example, caldte), and which, when present, demand 
either a less basic or an acid flux according to the proportions in 
which they exist. For purposes of this kind borax, or glass, or 
clay with more or less soda may be used, and of these borax is by 
far the most generally useful. An objection to too basic a slag 
(and a very important one) is the speed with which it corrodes 
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ordinary crucibles. These crucibles, consisting of quartz and clay, 
are rapidly attacked by lime, soda and bases geneiuUy. 

In considering what, is and what is not a good slag, certain 
chemical properties are of importance. If a mixture of many 
substances be fused and allowed to solidify in a crucible, there 

will be found some or all of the fol- 
'TJ.i—Fujidie cMoridts,etc. lowiug. At the bottom of the crucible 
,.sia£ (fig. 4) a button of metal, resting on 

this a speise ; then a regulus, next a 
slag made up of silicates and borates 
and metallic oxides, and lastly, on the 
top another layer of slag, mainly made 
up of fusible chlorides and sulphates. 
In assaying operations the object is generally to concentrate the 
metal sought for in a button of metal, speise or regulus, and to 
leave the earthy and other impurities as far as possible in the 
slag ; whether there be one or two layers of slag is a matter of 
indifference ; * but the chemical action of the lower layer upon the 
speise, or regulus, or metal, is of great importance. 

A reguLua is a compound of one or more of the metals with 
sulphur; it is usually brittle, often crystalline, and of a dull 
somewhat greasy lustre. It is essential that the slag, when solid, 
shall be so much more brittle than the regulus, that it shall be 
easy to crumble, and remove it without breaking the latter ; and 
it must not be basic. The effect of fusing a regulus with a basic 
slag is well seen when sulphide of lead is fused with carbonate of 
soda; the result is a button of metal (more or less pure), and a 
slag containing sulphides of lead and sodium ; and again, if sul- 
phide of lead be fused with an excess of oxide of lead, a button 
of lead will be got, and a slag which is simply oxide of lead (with 
whatever it may have taken up from the crucible), or if a sufELci- 
ent excess has not been used, oxide of lead mixed with some sul- 
phide. When (as is most frequently the case) the desire is to 
prevent the formation of regulus, these reactions may be taken 
advantage of, but otherwise the use of a flux having any such ten- 
dency must be avoided. A good slag (from which a regulus may 
be easily separated) may be obtained by fusing, say, 20 grams of 
ore with borax 15 grams, powdered glass 15 grams, fluor spar, 
20 grams, and lime 20 grams ; by quenching the slag in water 
as soon as it has solidified, it is rendered very brittle. 

Sulphide of iron formed during an assay will remain diffused 

* There is an exception to this, as when the slag is liable to be acted on 
when exposed to the air and to the gases of the furnace. In this case a 
layer of fused common salt floating on the slag, so as to protect it from the 
air and furnace gases, is a distinct advantage. 
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through the slag, instead of fusing into a button of regulus, if the 
slag contain sulphide of sodium. The same is true of other sul- 
phides if not present in too great a quantity, and if the tempera- 
ture is not too high. 

Speiaes are compounds of a metal or metals with arsenic 
They are chiefly of interest in the metallurgy of nickel, cobalt^ 
and tin. They are formed by heating the metal or ore in covered 
crucibles with arsenic and, if necessary, a reducing agent. The 
product is fused with more arsensic under a slag, consisting mainly 
of borax. They are very fusible, brittle compounds. On expo- 
sure to the air at a red heat the arsenic and the metal simul- 
taneously oxidize. When iron, cobalt, nickel, and copper are 
present in the same speise, they are eliminated in the order 
mentioned. 

Slcigs from which metals are to be separated should not be 
too acid ; at least, in those cases in which the metal is to be 
reduced from a compound, as well as separated from earthy 
impurities. Where the object is simply to get a button of meted 
from a substance in which it is already in the metallic state, but 
mixed with druss (made up of metallic oxides, such as those of 
zinc or iron), from which it is desired to separate it, an acid flux 
like borax is best ; or, if the metal is easily fusible, and there 
would be danger of loss of metal by oxidation or volatilising, it 
may be melted under a layer of resin or fat. Common salt is 
sometimes used with a simHar object, and is often useful. Under 
certain conditions, however, it has a tendency to cause the for- 
mation of volatile chlorides with a consequent loss of metal. 

In the great majority of cases, the fusion of the metal is 
accompanied by reduction from the state of oxide ; in these the 
slag should be basic. It is not easy to reduce the whole of a 
reducible oxide (say oxide of copper or of iron) from a slag in which 
it exists as a borate or silicate ; there should be at least enough 
soda present to liberate it. When the object is to separate 
one metal, say copper, without reducing an unnecessary amount 
of another (iron) at the same time, a slag with a good deal of 
borax is a distinct advantage. The slag then will probably not be 
free from copper, so that it will be necessary to powder and mix 
the slag with some soda and a reducing agent, and to again fuse 
the slag in order to separate this residual metal. In all those 
cases in which the slag retains tm, oxide of a heavy metal, this 
cleaning of the slag is advisable, and in the case of rich ores 
necessary. Slags containing sulphides are especially apt to retain 
the more easily reducible metals. 

The following are the ordinary and most useful fluxes : — 

Soda. — The powdered bicarbonate, sold by druggists as " car- 
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bonate of soda/' is generally used. It gives off its water and 
excess of carbonic acid readily and without fusion. Where the 
melting down is performed rapidly, the escaping gas is apt to 
cause trouble by frothing, and so causing waste of the material. 
Ordinary carbonate of soda, when hydrated (soda crystals), melts 
easily, and gives off its water with ebullition. It is unfit for use 
in assaying, but when dried it can be used instead of the bicar- 
bonate. One part of the dried carbonate is equivalent to rather 
more than one and a half parts of the bicarbonate. From two 
to four parts of the flax are amply sufficient to yield a fluid slag 
with one part of earthy matter. This statement is also true of 
the fluxes which follow. 

Borax is a hydrated biborate of soda, containing nearly half its 
weight of water. When heated it swells up, loses its water, and 
fuses into a glass. The swelling up may become a source of loss 
in the assay by pushing some of the contents out of the crucible. 
To avoid this, fused or dried borax may be used, in which case a 
little more than half the amount of borax indicated will suffice. 
Borax will flux almost anything, but it is especially valuable in 
fluxing lime, &c., and metallic oxides ; as also in those cases in 
which it is desired to keep certain of the latter in the slag and out 
of the button of metal. 

Oxide of Lead, in the form of red lead or litharge, is a valu- 
able flux ; it easily dissolves those metallic oxides which are either 
infusible or difficultly fusible of themselves, such as oxides of iron 
or copper. The resulting slag is strongly basic and very corrosive ; 
no crucible will long withstand the attack of a fused mixture of 
oxides of lead and copper. With silicates, also, it forms very 
fusible double silicates ; but in the absence of silicates and 
borates it has no action upon lime or magnesia. Whether the 
lead be added as litharge or as red lead, it will exist in the slag as 
monoxide (litharge) ; the excess of oxygen of the red lead is thus 
available for oxidising purposes. If this oxidising power is pre- 
judicial, it may be neutralised by mixing the red lead with i per 
cent, of charcoal. 

Glass : broken beakers and flasks, cleaned, dried, and powdered 
will do. It should be free from lead. 

Fluor : fluor-spar as free as possible from other minerals, 
powdered. It helps to flux phosphate of lime, (!ec., and infusible 
silicates. 

Iiime : should be fresh and powdered. It must not be slaked. 
Powdered white marble (carbonate of lime) will do ; but nearly 
double the quantity must be taken. One part of lime produces 
the same effect as 1.8 parts of the carbonate of lime. 

Tartar and " black flux," are reducing agents as well as fluxes. 
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The '^ black flux/' which may be obtained by heating tartar, is a 
mixture of carbonate of potash and charcoaL 

Deducing Agents. — The distinction between reducing agents 
and fluxes (too often ignored) is an important one. Fluxes yield 
slags ; reducing agents give buttons of regulus or of metal. The 
action of a reducing agent is the separation of the oxygen or 
sulphur from the metal with which it is combined. For example, 
the mineral anglesite (lead sulphate) is a compound of lead, sulphur, 
and oxygen ; by carefully heating it with charcoal the oxygen is 
taken away by the charcoal, and a regulus of lead sulphide 
remains. If the regulus be then fused with metallic iron the 
sulphur is removed by the iron, and metallic lead is left. The 
charcoal and the iron are reducing agents. But in defining a 
reducing agent as one which removes oxygen, or sulphur, from a 
metallic compound so as to set the metal free, it must be re- 
membered that sulphur itself will reduce metallic lead from fused 
litharge, and that oxygen will similarly set free the metal in fused 
lead sulphide. There is no impropriety in describing sulphur as 
a reducing agent; but it is absurd to call oxygen one. Some 
confusion will be avoided if these substances and those which 
are opposite to thjem in property be classed as oxidising and de- 
oxidising, sulphurising, and de-sulphurising agents. Most oxidis- 
ing agents also act as de-sulphurisers. 

Th^ de-ooddidng (igents most in use are the following : — 

Charcoal.-p-Powdered wood charcoal ; it contains more or less 
hygroscopic moisture and about 3 or 4 per cent, of ash. The rest 
may be considered carbon. Carbon heated with metallic oxidel:; 
takes the oxygen ; at low temperatures it forms carbon dioxide, 
and at higher ones, carbon monoxide. Other conditions besides 
that of temperature have an influence in producing these results ; 
and as the quantity of charcoal required to complete a definite 
reaction varies with these, it should be calculated from the 
results of immediate experience rather than from theoretical 
considerations. 

Ploiir. — Ordinary wheat flour is convenient in use. On being 
heated it gives off inflammable gases which have a certain re- 
ducing effect, and a residue of finely divided carbon is left. It is 
likely to vary in the quantity of moisture it contains. Two parts 
of flour should be used where one part of charcoal would be other- 
wise required. 

Tartdx. — This is crude hydric potassic tartrate ; the purified 
salt, cream of tartar, may be used. On being heated it gives off 
inflammable gases, and leaves a residue formed of potassic 
carbonate mixed with finely divided carbon. Five parts of tartar 
should be used in the place of one of charcoal. 
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Anthracite or Culm is a kind of coal containing 90 per cent, 
or more of carbon. It gives off no inflammable gas. It is denser, 
and takes longer in burning, than charcoal. Its reducing effect 
is little inferior to that of charcoal. Ahnost any organic sub- 
stance can be used as a reducing agent, but it is well not to select 
one which melts, swells up, or gives off much water and gas when 
heated in the furnace. 

Potassio Cyanide is an easily fusible and somewhat volatile 
salt, which, when fused, readily removes oxygen and sulphur from 
metallic compounds, and forms potassic cyanate or sulphocyanate 
as the case may be. Commercial samples vary much in purity ; 
some contain less than 50 per cent, of the salt. For assaying, 
only the better qualities should be used. 

Iron is a de-sulphurising rather than a de-oxidising agent. 
Iron is used in the form of rods, ^-inch in diameter, or of nails, 
or of hoop iron. In the last case it should be thin enough to be 
bent without difficulty. Wrought iron crucibles are very useful 
in the processes required for making galena assays. 

The chief oxidising agents (which cure also de-stUphurisera) are 
the following : — 

Kitre, or Potassic Nitrate. — ^This salt fuses very easily to 
a watery liquid. It oxidises most combustible substances with 
deflagration, and thereby converts sulphides into sulphates, 
arsenides into arsenates, and most metals into oxides. In the 
presence of strong bases, such as soda, the whole of the sulphur 
is fully oxidised ; but in many cases some arsenic is apt to 
escape, and to give rise to a peculiar garlic-like odour. The 
sulphates of soda and potash are thus formed, and float as a 
watery liquid on the surface of the slag. 

Red lead is an oxide of lead. About one-quarter of its oxy- 
gen is very loosely held, and, hence, is available for oxidising pur- 
poses, without any separation of metallic lead. The rest of the 
oxygen is also available ; but for each part of oxygen given off, 
about 13 parts of metallic lead are deposited. In silver assays this 
power of readily giving up oxygen is made use of. The residual 
oxide (litharge) acts as a flux. 

Hot air is the oxidising agent in roasting operations. The 
sulphur and arsenic of such minerals as mispickel and pyrites are 
oaddised by the hot air and pass off as sulphur dioxide and ^^ white 
arsenic." The metals generally remain in the form of oxide, mixed 
with more or less sulphate and arsenate. The residue may 
remain as a powdery substance (a calx), in which case the process 
of roasting is termed calcination ; or it may be a pasty mass or 
liquid. In the calcination of somewhat fusible minerals, the 
roasting should be done at a low temperature to avoid clotting ; 
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arsenic and sulphur being with difficulty burnt off from the dotted 
mineraL A low temperature, however, favours the formation of 
sulphates ; and these (if not removed) would reappear in a subse- 
quent reduction as sulphides. These sulphates may be decomposed 
by a higher temperature towards the end of the operation ; .their 
removal is rendered more certain by rubbing up the calx with 
some culm and re-roasting, or by strongly heating the calx after the 
addition of solid anmionic carbonate. In roasting operations, as 
large a surface of the substance as possible should be exposed to the 
air. If done in a crucible, the crucible should be of the Cornish 
type, short and open, not long and narrow. For calcinations, 
roasting dishes are useful : these are broad and shallow, not unlike 
saucers, but unglazed. In those cases in which the products of 
the roasting are liquid at the temperature used, a scarifier (fig. 38) 
is suitable if it is desired to keep the liquid ; but if the liquid is best 
drained off as quickly as it is formed, a cupel (fig. 5) should be used. 




A scorifier is essentially a roasting dish sufficiently thick to resist, 
for a time, the corrosive action of the fused metallic oxides it is to 
contain. The essential property of a cupel is, that it is sufficiently 
porous to allow the fused oxide to drain into it as fast as it is 
formed. It should be large enough to absorb the whole of the 
liquid ; and of course must be made of a material upon which the 
liquid has no corrosive action. Cupels do not biear transport 
well ; hence the assayer generally has to make them, or to super- 
vise their making. A quantity of bone ash is carefully mixed with 
water so that no lumps are formed, and the mixture is then 
worked up by rubbing between the hands. The bone ash is suf- 
ficiently wet when its cohesion is such that it can be pressed into a 
liimp, and yet be easily crumbled into powder. Cupel moulds should 
be purchased. They are generally made of turned iron or brass. 
They consist of three parts (i) a hollow cylinder ; (2) a disc of 
metal ; and (3) a piston for compressing the bone ash and shaping 
the top of the cupel. The disc forms a false bottom for the 
cylinder. This is put in its place, and the cylinder filled (or nearly 
so) with the moistened bone ash. The bone ash is then pressed 
into shape with the piston, and the cupel finished with the help of 
three or four smart blows from a mallet. Before removing the 
piston, turn it half-way round upon its axis so as to loosen and 
smooth the face of the cupel. The cupel is got out by pressing up 
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the disc of metal forming the false bottom ; the removal is more 
easily effected if the mould is somewhat conical, instead of cylin- 
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drical, in form. The cupels are put in a warm place to dry for two 
or three days. A conveniently sized cupel is i^ inches in 




Fig. 8. 



diameter and about f inch high. The cavity of the cupel is about 
\ inch deep, and something of the shape shown in fig. 5. 
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There are two kinds of furnaces required, the "wind" and 
" muffle " furnaces. These are built of brick, fire-brick, of course, 
being used for the lining. They are connected with a chimney 
that will provide a good ^ught. Figure 6 shows a section of the 
wind furnace, fig. 7 a section of the muffle furnace, and fig. 8 
a general view of a group comprising a muffle and two wind fur- 
naces suitable for general work. When in operation, the fur- 
naces are covered with iron-bound tiles. The opening under the 
door of l^e muffle is closed with a loosely fitting brick. The floor 
of the muffle is protected with a layer of bone-ash, which absorbs 
any oxide of lead that may be accidentally spilt. The fire bars 
should be easily removable. 

Few tools are wanted ; the most important are some cast-iron 
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moulds, tongs (fig. 9), stirrers for calcining (fig. 10), and light tongs 
of a special form for handling scorifiers and cupels {see Silver). 



Fia. la 

The coke used should be of good quality ; the formation of a 
fused ash (clinker), in any quantity, causes ceaseless trouble, and 
requires frequent removal. The coke should be broken into lumps 
of a uniform size (about 2 in. across) before being brought into the 
office. The furnace should be well packed by stirring, raising the 
coke and not ramming it, and it should be uniformly heated, not 
hot below and cold al^ve. In lighting a furnace, a start is made 
with wood and charcoal, this readily ignites and sets fire to the 
coke, which of itself does not kindle easily. 

In commencing work, add (if necessary) fresh coke, and mix 
well; make hollows, and into these put old crucibles; pack 
around with coke, so that the surface shall be concave, sloping 
upwards from the. mouths of the crucibles to the sides of the 
furnace ; dose the furnace, and, when uniformly heated, substitute 
for the empty crucibles those which contain the assays. It is 
rarely advisable to have a very hot fire at first, because with a 
gradual heat the gases and steam quickly escape through the un* 
fused mass, while with too strong a heat these might make some 
of the matter in the crucible overflow. Moreover, if the heat 
should be too strong at first, the flux might melt and run to the 
bottom of the crucible, leaving the quartz, <fec., as a pasty mass 
above ; with a gentler heat combination is completed, and the 
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subsequent fiercer heat simply melts the fusible compound into 
homogeneous slag. 

The fused material may be left in the crucible and separated 
from it by breaking when cold. It is generally more convenient 
to pour it into cast-iron moulds. These moulds should be dry and 
smooth. They act best when warmed and black-leaded. 

Air entering through the fire*bars of a furnace and coming in 
contact with hot coke combines with it, forming a very hot mix- 
ture of carbonic acid and nitrogen; this ascending, comes in 
contact with more coke, and the carbonic acid is reduced to car- 
bonic oxide ; at the top of the furnace, or in the flue, the carbonic 
oxide meeting fresh air, combines with the oxygen therein and 
re-forms carbonic acid. In the first and third of these re- 
actions, much heat is evolved ; in the second, the furnace is cooled 
a littla It must always be remembered, that the carbonic oxide 
of the furnace gases is a reducing agent. When these gases are 
likely to exert a prejudicial effect, and a strongly oxidising atmo- 
sphere is required, the work is best done in a muffle. 
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CHAPTER ni. 

WET GBAVIMETBIO METHODS. 

In dri/ assays the metal is almost always separated and weighed 
as metal ; in wet gravimetric assays the metal is more usually 
weighed in the form of a definite compound of known composi- 
tion. The general methods of working resemble those of ordinary 
chemical aiudysis, and their successful working is greatly helped 
by a knowledge of, at any rate, those compounds of the metal 
which enable it to be separated, and of those which are the most 
convenient forms in which it can be weighed. But the work of 
the assayer differs from that of the analyst, inasmuch as the bulk 
of his estimations are made upon material of practically the same 
kind, varying only in richness ; consequently in assaying, it is 
possible (and necessary) to work on such a definite plan as will 
involve the least amount of labour in weighing and calculating. 

The assayer connected with mining has generally two classes of 
material to deal with : those comparatively rich and those com- 
paratively poor. For example, silver in bullion and in ores; 
copper precipitates or regulus, and copper ores and slags ; and 
" black tin " and tin ores. He is only occasionally called on to assay 
the intermediate products. It is indispensable that he should have 
an approximate knowledge of the substance to be determined. 
With new ores this information is best got by a qualitative test- 
ing. Knowing that only certain bodies are present, it is evident 
that the number of separations can be reduced, and that simple 
methods can be devised for arriving at the results sought for. 
The best method is that which involves the least number of 
separations. The reactions must be sharp and complete, and 
yet not be liable to error under vaiying conditions. 

To bring the richer and poorer materials under the same condi- 
tions for the assay, a small weight, say i gram of the richer, 
and a larger weight (5 or 10 grams) of the poorer, substance is 
weighed up. A method is then adopted which will concentrate 
the whole of the metal (either during or after solution) in a product 
which need not necessarily be pure. The work on this product is 
comparatively easy. In separating small quantities of a substance 
from a large bulk of impurities, the group separations must not 
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as a rule be too much relied on. Very large precipitates carry 
down small quantities of bodies not belonging to the group, more 
especially when there is a tendency to form weak double com- 
pounds. The re-dissolving and re-precipitating of bulky pre- 
cipitates should be avoided. 

When a large number of assays of the same kind have to be 
carried out, a plan something like the following is adopted : — ^The 
samples, after having been dried, are placed in order on a table at 
the left hand of the assayer. He takes the first, marks it with 
a number, samples and weighs up the quantity required, and 
transfers it to a flask, which is similarly marked. As the 
weighings are finished, the samples are placed in the same order 
on his right hand. The assistant takes the flasks in batches of 
four or five at a time to the fume cupboard, where he adds a 
measured quantity of acid. When solution has been effected, 
dilution with a measured volume is generally necessary. The 
assayer sees to this and (whilst the funnels and filters are being 
prepared) makes any separation that* is necessary. The filters 
are arranged in order on a rack (fig. 1 1), and need not be marked 
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Fig. II. 

unless the precipitates or residues have subsequently to be dried. 
The filters are washed with hot water, and if the filtrates are 
wanted flasks are placed beneath, if not, the solution is drained 
off down the sink. Precipitation or reduction (or whatever it 
may be) is now made ; the assistant filters the prepared samples, 
one at a time, whilst the assayer is engaged with the others. The 
same style of work is continued until the assays are completed. 
If one should be spoiled, it is better to allow it to stand over for 
assaying along with the next batch. If one filters slowly or is 
in any way less forward than the rest, it may lessen the 
accuracy of the other assays, owing to oxidation, (fee, it should, 
therefore, be put on one side. The assays are dealt with in 
batches of ten or twenty, so that a large quantity of work can be 
quickly finished. 

When the assays are finished, it is the duty of the assistant to 
dean the apparatus (with reagents, if necessaiy), and to put the 
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assays in the place set apart for them. Flasks are best kept 
.inverted on a rack, so that they may be dry and clean by the 
next morning. Berlin crucibles must be cleaned and ignited. 

The amount of apparatus employed should be as little as is 
feasible. The assay should be carried out as much as possible in 
the same flask. The bench must be clean, and altogether free 
from apparatus not in actual use. Crucibles and dishes in which 
weighings are made should be marked with numbers or letters ; 
and their weights recorded, together with the date of weighing, 
in a small ledger, which is kept in the drawer of the balance. By 
this means a record of the " wear " of each piece of apparatus is 
obtained, and, what is more important, much weighing is saved, 
and increased confidence is gained. The weight of each piece of 
apparatus need not be taken daily. It will be seen from the 
record in the book and a knowledge of the use it has been put to 
how often a checking of the weight is necessary. The entries are 
made in black lead as follows : — 



Dish, A. Feb. 3 9.4210 grams, 

. 9.4225 

. 9.4230 

7 9.4200 



I 



Platinum vessels and apparatus lose, and porcelain ones slightly 
gain, weight with continued use. 

The special details of the work is given under each assay; 
certain general instructions will be given here. 

Solution. — It is not always necessary to get the whole of the 
mineral in solution, provided the body sought for is either com- 
pletely dissolved or altogether left in the residue. It is often only 
by a qualitative examination of the solution (or residue, as the 
case may be) that the assayer can satisfy himself that it is free 
from the substance sought. But previous experience with the 
same kind of ore will show to what extent this testing is neces- 
sary. 

Solution is generally best effected in flasks; but where the 

resulting liquid has afterwards to be evaporated 

to dr3nie8S and ignited, evaporating dishes (fig. N^*^..^^^^ _^ j 
12) are used. With them clock glasses are used V ^^^"^ J 
as covers during solution to avoid loss through \^ y 

efiervescence. Evaporating dishes are also best ^'^ ■■■^-^ 
when an insoluble residue has to be collected, •"^* '^' 

since it is difficult to wash out most residues from a flask. 
Bimiping occurs less frequently in dishes than in flasks. 

After the addition of the acid, and mixing by agitation, the 
vessel containing the substance is heated. This is best done on 
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the ^* hot plate" (fig. 13). This consists of a slab of cast iron 
about half or three-quarters of an inch thick, supported on loose 
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Fig. 13. 

fire bricks, and heated by two or three ring burners (figs. 14 and 
15). The burners are connected to the gas supply by means of 
lead tubing, to which they are soldered. Flasks and dishes after 
being put qn the plate are not further hai^dled until solution is 
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Fig. 15. 



complete or the evaporation is carried to dryness. The hot plate 
is contained in a cupboard so as to be out of the reach of cold 
draughts. 

The action of the acids and other solvents is desciibed in the 
chapter on Reagents. 

Precipitation. — In precipitating add sufficient of the reagent 
to complete the reaction. The student must be on his guard 
against adding a very large excess, which is the commoner error. 
In some reactions the finishing point is obvious enough ; either 
no more precipitate is formed, or a precipitate is completely 
dissolved, or some well-marked colour or odour is developed or 
removed. 

In those cases in which there is no such indication, theoretical 
considerations should keep the use of reagents within reasonable 
limits. The solutions of the reagents {see Reagents) are generally 
of five or ten per cent, strength. A small excess over that de- 
manded by theory should be sufficient. 
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Filtration. — Solutions are best filtered hot whenever the auBsay 
allows of this being so done. The precipitate should be allowea 
to settle, and the clear liquid decanted on the filter with the aid 
of a glass rod if necessary. The filter-paper must not be too 
large, but at the same time it must not be overloaded with the 
precipitate. There should be ample room . for washing. For 
general use three sizes of filter-paper are sufficient. Common 
quick filtering-paper (English) is best for most work in assaying. 
The specially prepared paper (Swedish or Rhenish) is used for 
collecting those precipitates which have to be weighed. The 
papers are folded as shown in fig. 16, and should not project 
above the funnel. The filter-paper works better if damped with 




Fig. 16. Fig. 17. 

hot water. In special cases filtering is hastened by means of an 
ab'pump. The apparatus used consists of a water- jet (fig. 17), 
which is connected with the tap, as also with a bottle fitted as 
shown in fig. 18. The pump draws the air out from the bottle, 
and atmospheric pressure forces the liquid through the filter- 
paper. The bottom of the funnel is provided with a platinum 
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Fig. 19. 



cone, which supports the filter-paper, and prevents its breaking. 
The pump is only used in exceptional cases ; nearly all the filtra- 
tions required by the assayer can be made without it. The usual 
methods of supporting the funnel during filtration are shown in 
fig. 19. Where the filtrate is not wanted, pickle bottles make 
convenient supports. After the precipitate has been thrown on 
the filter, it is washed. In washing, several washings with a 
small quantity of water are more effective than a few with a 
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larger quantity of that fluid. The upper edge of the filter-paper 
is specially liable to escape complete washing. Excessive washing 
must be avoided ; the point at which the washing is complete is 
found by collecting a little of the filtrate and testing it. The 
precipitate is removed from the filter-paper for further treatment 
by opening out the paper and by washing the precipitate with a 
jet of water from a wash-bottle into a beaker, or back through 
the funnel into the flask. In some cases, when the precipitate has 
to be dissolved in anything in which it is readily soluble, solution is 
eflected in the filter itself allowing the liquid to run through as it 
is formed. 

Drying and Igniting. — Precipitates, as a rule, require drying 
before being ignited. With small precipitates the filter-paper 
may be opened out, and placed on a warm asbestos slab till dry ; 
or the funnel and the filter with the precipitate is placed in a 
r. warm place, and supported by any con- 

R^ venient means. The heat must never 

be sufiicient to char the paper. Some 
precipitates must be dried at a tem- 
perature not higher than 1 00° C. These 
are placed in the water-oven {Rg. 20), 
and, when apparently dry, they are 
taken from the funnel, placed between 
glasses, and then left in the oven till 
they cease to lose weight. Such pre- 
cipitates are collected on tared filters. 
Those precipitates which will stand a 
higher temperature are dried in the 
hot-air oven at a temperature of from 
120° to 150°. The drying is continued 
Y^^ 20 until they appear to be free from mois- 

ture, and until the precipitate ceases to 
adhere to the filter. In dr3dng sulphides the heat must not be 
raised to the melting point of sulphur, since, if there is any free 
sulphur present, it fuses and filters through. 

The precipitate, having been dried, is transferred to a watch- 
glass. The filter-paper is opened out over a sheet of note- 
paper, and, with a camel-hair brush, the precipitate is gently 
brought into the glass. Most precipitates come away easily, and 
the transfer can be made without apparent loss. The watch-glass 
is covered by the funnel, and the filter-paper (folded into a quad- 
rant) held by the tweezers and set fire to with the flame of a 
Bunsen burner. It is allowed to burn over the crucible, into 
which the black bulky ash is allowed to drop, and two or three 
drops of nitiic acid are then added. The crucible is placed on a 
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pipe-stem (fig. 21), supported on a tripod. It is at first heated 
gently with a Bunsen burner, and afterwards more strongly, 
until the residue is free from carbon. It is 
cooled, and treated with any acid necessary 
to convert the small amount of precipitate 
into the state in which it is to be weighed ; 
heated again, and cooled. The main pre- 
cipitate is transferred to the crucible, and 
the heating repeated very gently at first, 
but more strongly towards the end of the 
operation. It is next placed in the muffle, 
and, after two or three minutes at a red heat, 
it is removed and allowed to cool in the desiccator before weighing. 
This is for bodies that will bear a red heat ; for those compounds 
that require a lower temperature the heating in the muffle is 
omitted. The muffle used for this purpose must not be used at 
the same time for cupelling ; a gas muffle (fig. 22), such as one of 
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Fletcher's, is best. A desiccator {^, 2 3) is an air-tight vessel which 
prevents access of moisture, &c., to the substance. Usually the air 
in it is kept dry by means of a basin containing sulphuric add. 

The crucible is removed from the muffle with the tongs and 
carried to the desiccator. It is best, in an offlce, to have a large 
desiccator permanently fixed alongside the balance, into which all 
substances may be put before being weighed. The substance is 
removed from the bench or muffle in the small hand apparatus 
generally sold, and carried to the balance room to be transferred 
to the large desiccator, where it is allowed to become thoroughly 
cold before being weighed. Twenty minutes is generally the time 
allowed after ignition before it is advisable to weigh. Bodies 
allowed to cool in the air after they have been ignited will absorb 
moisture, and hot bodies placed in the balance-pan will disturb 
the equilibrium and show false results. Compounds that absorb 
moisture must be weighed quickly ; they should, therefore, be 
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weighed in covered vessels. Such compounds are detected by 
their continually-increasing weight. They should be ignited and 
weighed again in a well-covered dish. 

Substances that have been washed with alcohol, ether, or any 
readily volatile liquid are dried in the water oven. They quickly 
diy if there is no water present, and are generally fit f pr weigh- 
ing in less than one hour. Sometimes drying for a few minutes 
only will be sufficient. 

The weight of the crucible and precipitate having been obtained, 
the weight of the crucible and ash is deducted ; for example — 

Crucible and precipitate . . . .10.183 grams. 
Crucible and ash 9*527 „ 

0.656 „ 

The weight of the ash is best added to that of the crucible. 
The amount of ash in filter-papers must not be neglected, although 
papers are now made almost free from ash, and the "amount to 
be deducted is found by taking eight or ten papers and burning 
them until they become white, and then weighing the ash. The 
amount varies from 0.004 to 0.0005 gram for different papers. 
Having determined the ash, place in the 
balance-drawer three of the filter^papers pinned 
together, with the weights marked on them in 
the way shown in fig. 24, so as to be readily 
seen when there is occasion to refer to them. 

It must be remembered that determination 
of small quantities of substances generally in- 
FiG. 24. volves the use of reagents which are often con- 
taminated, as an impurity, with the body sought. 
Thus, in assaying silver, the oxide of lead or metallic lead used is 
rarely free from silver ; and in the case of arsenic, the acids, zinc or 
ferric chloride are sure to contain arsenic. The same observation 
applies to the precipitation of lead by zinc, &c. The errors caused 
by these impurities are more marked in the determination of 
material having small quantities of metal than in that of ores 
which contain larger quantities. Errors of this kind are counter- 
acted or neutralised by " blank " or " blind " determinations. 
These consist in carrying out by the side of and during the assay a 
duplicate experiment with the reagents only, which are thereby 
subjected to the same processes of solution, evaporation, filtration, 
&c. The- final result thus obtained is deducted from that given 
by the assay, the difierence gives the corrected result. In some 
cases, where it is desired or necessary to have a tangible residue 
or precipitate, some pure inert material is added. 




( 35 ) 



CHAPTER IV. 
VOLUMETBIO ASSAYS. 

These have been already described afi those in which the results 
are got by measuring, either — (i) the volume of a reagent required 
to complete some reaction, or (2) the volume of the resulting 
product. For example, if a permanganate of potash solution be 
added to a solution containing a weighed amount of iron, dissolved 
in sulphuric acid, the strong colour of the permanganate of potash 
will be removed until a certain quantity of it has been added. 
Repeating the experiment, it will be found that the same amount 
of iron decolorises the same volume of the permanganate solution 
within certain narrow limits of variation, known as "en-or of 
experiment.'' This error is due to variation in the method of 
working aiid to slight differences in the weighings and measur- 
ings; it is present in all experimental methods, although the 
limits of variation are wider in some than in others. Apart from 
this error of experiment, however, it is certain that a given 
volume of the permanganate of potash solution corresponds to a 
definite weight of iron, so that if either is known the other may 
be calculated. Similarly, if a known weight of zinc (or of 
carbonate of lime) be dissolved in hydrochloric acid, a gas will 
be given off which can be measured, and so long as the conditions 
of the experiment do not vary, the same weight of zinc (or of 
carbonate of lime) gives off the same volume of gas. The weight 
of the one can be determined from the volume of the other. 

Or, again, the quantity of some substances may be measured by 
the colour of their solutions, on the principle that, other things 
being equal, the colour of a solution depends upon the quantity 
of colouring matter present. So that if two solutions of the same 
substance are equally coloured they are of equal strength. In 
this way an unknown may be compared with a known strength, 
and a fairly accurate determination may be made. These 
three illustrations serve as types of the three chief classes of 
volumetric assays — titrometric, gasometric, and colonmetric. 

Titrometrio Assays. — "Within the limits of the error of ex- 
periment, a definite volume of a solution or gas represents a certain 
weight of metal or other substance, hence the exact weight may be 
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determined by experiment. The error of experiment may be 
reduced to insignificant dimensions by repeating the experiment^ 
and taking the mean of three or four determinations. This will 
at the same time show the amount of variation. Thus, if o. 5 gram 
of iron were dissolved and found to require 50.3 cubic centimetres 
of the solution of permanganate of potash, and if on repeating, 
50.4, 50.2, and 50.3 c.c.were required, the experimenter would be 
justified in saying that 50.3 c.c. of the permanganate solution re- 
present 0.5 gram of iron, and that his results were good within 
0.2 c.c. of the permanganate solution. So that if in an unknown 
solution of iron, 50.5 c.c. of the permanganate solution were used 
up, he could state with confidence that it contained a little more than 
0.5 gram of iron. With a larger experience the confidence would 
increase, and with practice the experimental error will diminish. 

But supposing that the unknown solution required, say, 100.5 
instead of 50.5 cc, he would not be justified in saying that, since 
50.3 cc. are equivalent to 0.5 gram, 100.6 c.c. are equivalent to 
twice that amount ; and that, consequently, the unknown solution 
contained a little less than i gram of iron ; or, at least, he could 
not say it except he (or some one else) had determined it by 
experiment. But if on dissolving i gram of iron, he found it to 
require 100.6 cc. of the solution, and in another experiment with 
0.8 gram of iron that 80.5 c.c. of the solution were required, he 
would be justified in stating that the volume of soltition required 
is proportional to the quantiti/ of metal present. There are a large 
number of volumetric assays of which this is true, but that it is 
true in any particular case can only be proved by experiment. 
Even where true it is well not to rest too much weight upon it, 
and in all cases the quantity of metal taken, to determine the 
strength of the solution used, should not differ widely from that 
present in the assay. There are certain terms which should be 
explained here. When the solution of a reagent is applied under 
such conditions that the volume added can be correctly determined, 
the operation is called "titrating," the solution of the reagent 
used the " standard solution," and the process of determining the 
strength of the standard solution is "standardising.'' The 
" standard" is the quantity of metal equivalent to 100 c.c. of the 
standard solution. 

Standard Solutions. — In making these the salt is accurately 
weighed and transferred to a litre flask, or to the graduated 
cylinder, and dissolved. The method of dissolving it varies in 
special cases, and instructions for these will be found under the 
respective assays. Grenerally it is dissolved in a small quantity of 
liquid, and then diluted to the mark. For those substances that 
require the aid of heat, the solution is made in a pint fiask, cooled,. 
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and transferred ; after which the flask is well washed out. After 
dilution, the liquids in the measuring vessel must he thoroughly 
mixed by shaking. This is more easily and better done in the 
cylinder than in the litre flask. The solution is next transferred 
to a dry " Winchester " bottle and labelled. The label may be 
rendered permanent by waxing it. 

Standard solutions should not be kept in a place exposed to 
direct sunlight. Oxidising and reducing solutions, such as those 
of permanganate of potash, ferrous sulphate, iodine, hyposulphite 
of soda, &a, gradually weaken in strength ; the solutions of other 
salts are more stable ; while those of potassium bichromate and 
baric chloride are almost permanent. Solutions of potassium per- 
manganate may be kept for a month or so without much change. 
The solutions of hyposulphite of soda and of iodine should be 
examined weekly. Ferrous sulphate solutions, if acidulated with 
sulphuric acid, may be depended on for two or three weeks 
without fresh standardising. Before filling the burette, the 
"Winchester'' bottle should be well shaken and a portion of 
about 50 or 100 c.c. poured into a dry beaker or test-glass. Besides 
the standard solutions, which are required for titrating an assay, 
permanent solutions of the metal or add of equivalent strength 
are very useful. When the finishing point of a titration has been 
overstepped (i.e., the assay has been "overdone"), a measured 
volume, say 5 or 10 c.c, of a solution containing the same metal 
may be added. The titration can then be continued, but more 
cautiously, and the value in " c.c." for the quantity added be 
deducted from the final reading. 

Standardising. — Suppose the object is to standardise a solution 
of permanganate similar to that referred to above. A convenient 
quantity of iron (say 0.5 gram) would be weighed out, dissolved in 
dilute sulphuric acid, and the solution titrated. Suppose 49.6 c.c. 
of the permanganate solution are required, then 

49.6 : 0.5 : : 100 : x 

X = 1.008 gram. 

This result, 1.008 gi^m, is the ^^ standard" When a gas is 
measured, the stands^ may be calculated in the same way. For 
example : with 0.224 gram of zinc, 75.8 c.c. of gas were obtained. 
Then the quantity of zinc equivalent to 100 c.c. of the gas is got 
by the proportion. 

75.8 : 0.224 : : 100 : x 

X = 0.2955 gra»i. 

Using the term " standai-d " in this sense, the following rules hold 
good : — 
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To find the weight of metal in a given substance : — Multiply 
the standard by the number of cc, used and divide by loo. For 
example: a piece of zinc was dissolved and the gas evolved 
measured 73.9 c.c. Then by the rule, 0.2955 x 73.9 -5- 100 should 
give the weight of the piece of zinc. This gives 0,2184 gram. 

To find the percentage of metal in a given substance : — Mtd* 
tiply the standard by the number 0/ c,c, used and divide by the weight 
of substance taken. For example : if 2 grams of a mineral were 
taken, and if on titrating with the permanganate solution 
(standard 1.008) 60.4 c.c. were required, then 1.008 x 90.4-7-2 = 
30.44. This is the percentage. 

If the standard is exactly i gram, and i gram of ore is always 
taken, these calculations become very simple. The "c.c." used 
give at once the percentage, or divided by iqp give the weight of 
metal. 

If it is desired to have a solution with a standard exactly 
i.o gram, it is best first to make one rather stronger than this, and 
then to standardise carefully. Divide 1000 by the standard thus 
obtained and the result will be the number of c.c. which must 
be taken and be diluted with water to i litre. For example: 
suppose the standard is 1.008, then 1000 -r 1.008 gives 992, and 
if 992 c.c. be taken and be diluted with water to 1000 c.c. a solu- 
tion of the desired strength will be obtained. The standard of 
this should be confirmed. A simpler calculation for the same 
purpose is to multiply the standard by 1000 ; this will give the 
number of c.c. to which i litre of the solution should be diluted. 
In the above example a litre should be diluted to 1.008 c.c. 

It has been assumed in these rules that the titration has yielded 
proportional results ; but these are not always obtained. There 
can be no doubt that in any actual re-action the proportion 
between any two re-agents is a fixed one, and that if we double 
one of these then exactly twice as much of the other will enter 
into the re-action ; but in the working it may very well be that 
no re-action at all will take place until a certain quantity of one 
or of both of the re-agents is present. In titrating lead with a 
chromate of potash solution, for example, it is possible that at 
the end of the titration a small quantity of the lead may 
remain unacted on ; and it is certain that a small excess of the 
chromate is present in the solution. So, too, in precipitat- 
ing a solution of silver with a standard solution of common salt, 
a point is reached at which a small quantity of each remains in 
solution; a further addition either of silver or of salt will 
cause a precipitate, and a similar phenomenon has been observed 
in precipitatmg a hydrochloric acid solution of a sulphate with 
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baric chloride. The excess of one or other of the re-agents 
may be large or small ; or, in some cases, they may neutralise each 
other. Considerations like these emphasise the necessity for 
uniformity in the mode of working. Whether a process yields 
proportional results, or not, will be seen from a series of 
standardisings. Having obtained these, the results should be 
arranged as in the table, placing the quantities of metal used in 
the order of weight in the first column, the volumes measured in 
the second, and the standards calculated in the third. If the 
results are proportional, these standards will vary more or less, 
according to the delicacy of the process, but there will be no 
apparent order in the variation. The average of the standards 
should then be taken. 



Weight. 




0.2160 gram 
0.2185 ». 
0.2365 „ 
0.2440 „ 
0.2S5S » 


72.9 c.c. 0.2963 

73.9 M 0.2957 

79-9 " 0.2959 
82.3 „ 0.2964 
85.9 » 0.2974 



Any inclination that may be felt for obtaining an appearance 
of greater accuracy by ignoring the last result must be resisted. 
For, although it would make no practical difference whether the 
mean standard is taken as 0.2961 or 0.2963, it is well not to 
ignore the possibility that an error of 0.4 c.c. may arise. A result 
should only be ignored when the cause of its variation is known. 

In this series the results are proportional, but the range of 
weights (o. 2 1 6 — o. 2555 gram) is smalL All processes yield fairly 
proportional results if the quantities vary within narrow limits. 

As to results which are not proportional, it is best to take some 
imaginary examples, and then to apply the lesson to an actual one. 
A series of titrations of a copper solution by means of a solution 
of potassic cyanide gave the following results : — 





Standard. 


0.1 gram 11-9 c.c. 
0.2 „ 23.7 „ 
0.3 ,, 35.6 „ 
0.4 » 47.6 „ 


6666 



These are proportional, but by using a larger quantity of acid and 
ammonia in the work preliminary to titration, we might have had 
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to use I C.C. of cyanide solution more in each case before the 
finishing point was reached. The results would then have been : 



Copper taken* 


Cyanide QMcl. 


Standanl. 


O.I gram 

0.2 „ 

0.3 » 
0.4 » 


12.9 c.c. 
24.7 » 
36.6 „ 
48.6 „ 


0.7752 
0.8097 
O.8191 
0.8230 



It will be noted that the value of the standard increases with 
the weight of metal used; and calculations from the mean 
standard will be incorrect. 

By subtracting the lowest standardising from the highest, a 
third result is got free from any error common to the other two ; 
thus : — 

0.4 gram = 48.6 c.c. " cyanide." 



O.I 



= 12.9 



0.3 



= 35-7 



And the standard calculated from this corrected result is 0.8404. 
Further, if 0.3 gram requires 35.7 c.c., then o.i gram should 
require 11.9 c.c.^ or i.o c.c. less than that actually found. 

We may therefore use the following rules for working processes 
which do not yield proportional results. Make a series of two or 
three titrations, using very different quantities of metal in each. 
Subtract the lowest of these from the highest, and calculate the 
standard with the remainder. Calculate the volume required by 
this standard in any case, and find the excess or deficit, as the 
case may be. If an excess, subtract it from the result of each 
titration ; if a deficit, add it ; and use the standard in the usual 
way. The following table shows an actual example : — 



Chalk taken. 


Gas obtiUnod. 


Standard. 


0.0873 gram 


17.8 c.c. 


0.4904 


0.1305 „ 


27.3 » 


0.4780 


0.1690 „ 


35.8 » 


0.4721 


a 1905 „ 


40.4 „ 


0.4715 


0.2460 „ 


52.5 » 


0.4686 


0.3000 „ 


64.0 „ 


0.4687 



It will be seen that the standard decreases as the quantity of 
chalk increases ; this points to a deficiency in the quantity of gas 
evolved. 
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Then 



0.3000 = 
0.0873 i= 



64.0 c.c. 
17.8 „ 



0.2127 = 4^*2 }) 

and 0.2127 X 100 — 46.2 = 0.4604. Then, multiplying the weight 
of chalk taken by 100, and dividing by 0.4604, we get the calcu- 
lated results of the following table : — 



Chalk taken. 



0.0873 gram | 

0.1305 

0.1690 

0.1905 

0.2460 

a3ooo 



Gas fbnnd. 


1 Gas calculated. 


IMffereiice. 


17.8 CC. 


1 18.9 CC. 


- I.I c.c. 


27.3 » 


j 28.3 „ 


-I.O „ 


35.8 „ 


36.7 „ , 


-0.9 „ 


40.4 « 


41.4 n < 


-1.0 „ 


52.5 » 


53.4 M 


-0.9 „ 


64.0 „ 


65.1 „ 


-I.I „ 



By adding i cc. to the quantity of gas obtained,and taking 0.4604 
as the standard, the calculated result will agree with those found 
with a variation of o.i c.c. When a large number of assays of the 
same kind are being made, this method of calculation is con* 
venient ; when, however, only one or two determiuations are in 
question, it is easier to make a couple of standardisings, taking 
quantities as nearly as possible the same as those present in the 



Sometimes it is necessary to draw up a table which will show, 
without calculation, the weight of substance equivalent to a given 
volume of gas or of solution. The substance used for standard- 
ising should be, whenever possible, a pure sample of the substance 
to be determined — ^that is, for copper assays pure copper should be 
used, for iron assays pure iron, and so on ; but when this cannot 
be got an impure substance may be used, provided it contains a 
known percentage of the metal, and that the impurities present 
are not such as will interfere with the accuracy of the assay. In- 
cluding compounds with these, the standard may be calculated by 
multiplying the standard got in the usual way, by the percentage 
of metal in the compound or impure substance, and dividing by 
100.. If, for example, the standard 1.008 gram was obtained by 
using a sample of iron containing 99.7 per cent, of metal, the 
corrected standard would be 1.008 x 99.7 -r- 100 = 1.006. 

In volumetric analysis the change brought about must be one 
in which the end of the reaction is rendered prominent either by 
a change of colour or by the presence or absence of a precipitate. 
If the end of the reaction or finishing-point is not of itself visible, 
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then it must be rendered visible by the use of a third reagent 
called an indicator. 

For example, the action of sulphuric acid upon soda results in 
nothing which makes the action conspicuous ; if, however, litmus 
or phenolphthalein be added the change from blue to red in the 
first case, or from red to colourless in the second, renders the 
fimshing-point evident. Some indicators cannot be added to the 
assay solution without spoiling the result ; in which case portions 
of the assay solution must be withdrawn from time to time and 
tested. This withdrawal of portions of the assay solution, if 
rashly done, must result in loss ; if, however, the solution is not 
concentrated, and if the portions are only withdrawn towards the 
end of the titration, the loss is very trifling, and will not show-up 
on the result. The usual plan adopted is to have a solution of the 
indicator placed in drops at fairly equal intervals distributed over 
a clean and dry white porcelain-plate : a drop or two of the solu- 
tion to be tested is then brought in contact with one of these and 
the effect noted. Another plan is to have thin blotting-paper, 
moistened with a solution of the indicator and dried ; a drop of the 
solution to be tested placed on this shows the characteristic change. 
When the assay solution contains a suspended solid which inter- 
feres with the test, a prepared paper covered with an ordinary 
filter-paper answers very well ; a drop of the solution to be tested 
is placed on the filter-paper, and, sinking through, shows its effect 
on the paper below. 

Except when otherwise stated, all titrations should be made at 
the ordinary temperature ; cooling, if necessary, by holding the 
flask under the tap. When a titration is directed to be made in a 
boiling solution, it must be remembered that the standard solution 
is cold, and that every addition lowers the temperatiu^ of the assay. 

On running the solution from the burette into the assay, do not 
let it run down the side of the flask. If a portion of the assay 
has to be withdrawn for testing, shake the flask to ensure mixing, 
and then take out a drop with the test-rod ; the neglect of these 
precautions may give a finishing-point too early. This is generally 
indicated by a sudden finish, in which case on shaking the flask 
and again testing no reaction is got. Do not remove the drop on 
the point of the burette with the test-rod ; let it remain where 
it is or drop it into the solution by carefully opening the clip. 

Generally the methods of working are as follows : — 

(i) IMien the Jmiahiv^-point depends on a change of colour in 
the solution. — Increase the bulk of the assay up to from loo to 
150 c.c. with water. Boil or cool, as the case may be. Hun in 
the standard solution from a burette speedily, until the re-agent 
appears to have a slower action, and shake or stir all the time. 
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Then run i c.c. or so at a time, still stirring, and finally add drops 
until the colour change is got. 

(2) WTien an oioiide-indicatar is used, — Pour the standard 
solution from a hurette into the assay until 5 or 6 c.c. from the 
finishing-point ; then run in i c.c. at a time (stirring and testing 
on the plate between each) until the indicator shows the change 
wanted, and deduct 0.5 c.c. for excess. When greater accuracy is 
sought for a duplicate assay is made. In this case the standard 
solution is run in close up to the end, and the operation is finished 
off with a few drops at a time. 

(3) Where theJiniahing-poirU depends upon the absence of a pre- 
eipitate and no ouieide-indioator is used. — ^As in the last case, run 
in the standard solution up to within a few c.c. of the end, then 
run in i c.c. at a time untU a precipitate is no longer formed, but 
here 1.5 c.c. must be deducted for excess, since it is evident that 
the whole of the last " c.c." must have been, and a portion of the 
previous one may have been, in excess. 

Indireot Titratioxi. — ^The action of permanganate of potash 
upon a ferrous solution is one of oxidation, hence it is evident 
that if any other oxidising agent is present it will count as per- 
manganate. In such a case the titration can be used (indirectly) 
to estimate the quantity of such oxidising agent, by determining 
how much less of the permanganate is used. For example, 
suppose that i gram of iron dissolved in sulphuric acid requires 
100 C.C. of standard permanganate to fully oxidise it, but that the 
same amount of iron only requires 35.6 c.c. of the same standard 
permanganate if it has been previously heated with 0.5 gram of 
black oxide of manganese. Here it is evident that 0.5 gram of 
black oxide does the work of 64.4 c.c* of the permanganate solu- 
tion, and that these quantities are equivalent ; moreover, if 64.4 c.c. 
correspond with 0.5 gram, then 100 c.c. correspond with 0.7764 
which is the standard. On theoretical grounds, and by a method of 
calculation which will be explained fiirther on (under the heading 
'' Calculations from Formulas"), it can be found that if the standard 
for iron is i gram, that for the black oxide will be 0.7764 gram. 

The principles of these indirect titrations become clearer when 
expressed in a condensed form. Thus, in the example selected, 
and using the formuhe Fe = Iron, KMnO^ = permanganate of 
potash, and MnO, = oxide of manganese, we have : — 
(i) I gram Fe = 100 c.c. KMnO^ 
(2) I gram Fe =35.6 c.c. KMn04+o.5 gram MnO„ 
.*. 100 c.c. KMn04=3S.6 c.c. KMnO^+cs gram MnO^ 
100—35.6) c.c. KMn04=o.5 gram MnO^ 
64.4 c.c. KMn04=o.5 gram MnO. 

* 100 - 35.6 = 64.4. 
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The iron does not enter into the calculation if the same quantity 
is present in the two experiments. 

An indirect titration thus requires three determinations, but if 
more than one assay is to be carried on, two of these need not be 
repeated. The standard is calculated in the usual way. 

Colorimetrio Assays. — These are assays in which the colour 
imparted to a solution by some compound of the metal to be 
determined is taken advantage of ; the depth of colour depending 
on the quantity of metal present. They are generally used 
for the determination of such small quantities as are too minute 
to be weighed. The method of working is as follows : — ^A mear 
sured portion of the assay solution (generally |, i, i, or ^ of the 
whole), coloured by the substance to be estimated, is placed in a 
white glass cylinder standing on a sheet of white paper or glazed 
porcelain. Into an exactly similar cylinder is placed the same 
amount of re-agents, <fec., as the portion of the assay solution 
contains, and then water is added until the solutions are of nearly 
equal bulk. Next, a standard solution of the metal being esti- 
mated is run in from a burette, the mixture being stirred after 
each addition until the colour approaches that of the assay. The 
bulk of the two solutions is equalised by adding water. Then 
more standard solution is added until the tints are very nearly 
alike. Next, the amount added is read off from the burette, stiU 
more is poured in until the colour is slightly darker than that 
of the assay, and the burette read off again. The mean of the 
readings is taken, and gives the quantity of metal added. It 
equals the quantity of metal in the portion of the assay. If this 
portion was one-half of the whole, multiply by two ; if one-third, 
multiply by three, and so on. When the quantity of metal in 
very dilute solutions is to be determined, it is sometimes necessary 
to concentrate the solutions by boiling them down before applying 
the re-agent which produces the coloured compound. Such con- 
centration does not affect the calculations. 

GkuEiometrio Assays. — (rasometric methods are not much used 
by assayers, and, therefore, those students who wish to study them 
moi-e fully than the limits of this work will permit, are recom- 
mended to consult Winkler and Limge's text-book on the subject. 
The methods are without doubt capable of a more extended applica- 
tion. In measuring liquids, ordinary variations of temperature 
have but little effect, and variations of atmospheric pressure have 
none at all, whereas with gases it is different. Thus, loo c.a of 
an ordinary aqueous solution would, if heated from lo" C. to 20' C, 
expand to about 100.15 c.c. 100 c.c. of a gas similarly warmed 
would expand to about 103.5 cc, and a fall of an inch in the 
barometer would have a very similar effect. And in measuring 



VOLUMETRIC ASSAYS. . 45 

gases we have not only to take into account variations in volume 
due to changes in tempei^turo and atmospheric pressure, but 
also that which is observed when a gas is measured wet and dry. 
Water gives off vapour at all temperatures, but the amount of 
vapour is larger as the tempei-ature increases. 

By ignoring these considerations, errors of 3 or 4 per cent, 
are easily made ; but, fortunately, the corrections are simple, and 
it is easy to construct a piece of apparatus by means of which they 
may be reduced to a simple calculation by the rule of three. 

The volume of a gas is, in practice, usually reduced to that 
which it would be at a temperature of o* C, when the column of 
mercury in the barometer is 760 mm. high. But, although con- 
venient, this practice is not always necessary. The only thing 
required is some way of checking the variations in volume, and 
of calculating what the corrected volume would be under certain 
fixed conditions. 

Suppose that at the time a series of standardisings is being 
made, 100 c.c. of air were confined in a graduated tube over moist 
mercury. These 100 c.a would vary in volume from day to day, 
but it would always be true of them that they would measure 
100 c.c. under the same conditions as those under which the 
standardisings were made. If, then, in making an actual assay, 
35.4 c.c. of gas were obtained, and the air in the tube measured 
105 C.C., we should be justified in saying, that if the conditions had 
been those of the standardising, the 105 c.c. would have measured 
100 c.c, and the 35.4 c.c. would have been 33.7 ; for 105 : 100 : : 
35.4 : 33.7. The rule for using such a piece of apparatus for 
correcting volumes is : — MvUiply the c.c* of goB obtained by 100, 
and divide by the nvrnfiber of ex, of air in the apparatiis. 

If it is desired to calculate the volumes under standard condi- 
tions (that is, the gas dry, at o** C. and 760 mm. barometric 
pressure) the calculations are easily pei-f ormed, but the tempera- 
ture and pressure must be known. 

Correction for Moisture, — The " vapour tension " of water has 
been accurately determined for various temperatures, and it 
may be looked upon as counteracting the barometric pressure. 
For example, at 15'' 0. the vapour tension equals 12.7 millimetres 
of mercury ; if the barometer stood at 750 mm., the correction 
for moisture would be made by subtracting 12.7 from 750, and 
taking 737.3 mm. to be the true barometric pressure. 

The vapour tensions for temperatures from o* C. to 20* C. are 
as follows : — 
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Temp. 


Tension. 


Temp. 


Tension. 


Temp. 


.Tension. 


o° 


4.6 mm. 


7^ 


7.5 mm. 


14° 


1 1.9 mm. 


I** 


4.9 mm. 


8** 


8.0 mm. 


iS° 


12.7 mm. 


2" 


5-3 mm. 


9^ 


8.6 mm. 


16° 


13.5 mm. 


.r 


5.7 mm. 


10** 


9.2 mm. 


17° 


14.4 mm. 


4^ 


6.1 mm. 


11° 


9.8 mm. 


18° 


15.3 mm. 


5^ 


6.5 mm. 


12° 


10.5 mm. 


< 


16.3 mm. 


a** 


7.0 mm. 1 


13° 


1 1.2 mm. 


ao" 


17.4 mm. 



The correction /or pressure is : — Multiply the volume by the 
actual pressure and divide by 760. 

The correction for temperature : — Multiply the volume by 273 
and divide by the temperature (in degrees Centigrade) added to 

273- 

For all three corrections the following rules hold good. To 
reduce to 0° C. and 760 mm. dry. 



Corrected volume = 



Volume X 0.3592 X (Pressure —tension) 
Temperature + 273 



To find the volume, which a given volume under standard 
conditions would assume, if those conditions are altered. 

^ ,.. , Volume X 2.784 X (Temperature +273) 

Resulting volume = ^ ^^ — t-^ ^ 

® Pressure — tension 

As an example, we will suppose that it is desired to enclose in 
the apparatus referred to on p. 45, a volume of air, which, when 
dry (at o"* C. and 760 mm.), shall measure 100 c.c, whilst the actual 
temperature is 15' C, and the pressure 750 mm. 

The second formula is the one to be used, and we get 108.7 c.c. 



Required volume = 



100 c.c. X 2.784 X 288 
750- 12.7 ' 

80179.2 
737.3 



= 108.7 C'C. 
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CHAPTER V. 

WEIGHING AND MEASTJBING. 

Weighing. — ^The system of weights aod measures which we 
have adopted is the French or metric system ; in this the gram 
(15.43 grains) is the unit of weight; the only other weight 
frequently referred to is the milligram, which is 0.00 1, or j^qq 
gram. The unit of volume is the cubic centimetre, which is 
approximately the volume of i gram of water, and which thus 
bears to the gram the same relation as grain-measures bear to 
grains. It is usual to write and even pronounce cubic centimetre 
shortly as c.c, and the only other denomination of volume we shall 
have occasion to use is the " litre," which measures 1000 c.c, and 
is roughly if pints. 

The weights used are kept in boxes in a definite order, so that 
the weights on the balance Can be counted as well by noting those 
which are absent from the box as by counting those present on the 
scale-pan. The weights run 50, 20, 10, 10, 5, 2, i, i and i grams, 
a.nd are formed of brass. The fractions of the gram are generally 
made of platinum or of aluminium, and are arranged in the 
following order : — 0.5, 0.2, o.i, o.i, and 0.05, 0.02, o.oi, o.oi. 
These may be marked in this way, or they may be marked 500, 
200, 100, 100, 50, 20, 10, 10 ; the 500 meaning 500 milligrams. 

Some makers send out weights in the series 50, 20; 20, 10, &c. 

Weights of less than o.oi gram are generally present in a box, 
but it is much more convenient to work with a lider. This is a 
piece of wire which in the pan weighs o.oi gram ; it is made in 
such a form that it will ride on the beam, and its eflfective weight 
decreases as it approaches the centre. If the arm of the beam is 
divided into tenths, then each tenth counting from the centre 
outward equals 0.00 1 gram or i milligram, and if these tenths be 
further subdivided the fractions of a milligram are obtained; 
and these give figures in the fourth place of decimals. A fairly 
good balance should be sensitive to 0.000 1 gram. The weights 
must never be touched with the fingers, and the forceps for 
moving them is used for no other purpose. When not in actual 
use the box is kept closed. The weights must not be allowed to 
remain on the pan of the balance. The balance-case must not be 
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open without some reason. It must be fixed level, and, once fixed, 
must not be needlessly moved. The bench on which it stands 
should be used for no other purpose, and no one should be allowed 
to lean upon it. . 

When using a balance sit directly in front of it. Ordinarily 
the substance to be weighed is best put on the pan to the user's 
left; the weights and the rider are then easily manipulated. 

Powders, &c., should not be weighed 
directly on the balance ; a counter- 
poised watch-glass or metal scoop 
(fig. 25) should be used. In some 
Fio. 25. cases it is advisable to use a weigh- 

ing-bottle. This is a light, well- 
stoppered bottle (fig. 3) containing the powdered ore. It is 
first filled and weighed ; then some of the substance is care- 
fully poured from it into a beaker or other vessel, and it is 
weighed again; the difference in the two weighings gives the 
weight of substance taken. A substance must alwajB be cold 
when weighed, and large glass vessels should be allowed to stand 
in the balance-box a little while before being weighed. Always 
have the balance at rest when putting on or taking off anything 
from the pans. Put the weights on systematically. In using the 
rider (except you have a reason to the contrary), put it on at the 
5 ; if this is too much, then try it at the 3 ; if then the weights 
are too little, try at the 4 ; if still not enough, the correct weight 
must be between the 4 and 5 ; try half-way between. 

It is best to work with the balance vibrating ; equilibrium is 
established when the vibration to the left is the mean of the 
preceding and succeeding vibrations to the right. For example, if 
it vibrates 6 divisions to the right on one swing, and 5 divisions 
on the next, the intermediate vibration to the left should have 
been sj. 

Note whether the substance increases in weight whilst on the 
balance. If it does it may be because it was put on warm, and is 
cooling, or it may be because it is taking up moisture from the 
air. Substances which take up moisture rapidly should be 
weighed in clipped watch-glasses or in light-weighing bottles or 
tubes. 

Students, in recording the weights, should first read off those 
missing from the box, writing down each order of figures as 
^determined ; first tens, then units, and so on. Bemember that 
the first four platinum weights give the figures of the first place of 
decimals, the second four give the second place, and that the third 
and fourth places are given by the rider. Having taken down the 
figures, confirm them by reading off the weights as you put them 
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back into the box. Do not rest a weight on the palm of your 
hand for convenience in reading the mark upon it. Bemember 
one weight lost from a box spoils the set. Do not take it for 
granted that the balance is in equilibrium before you start 
weighing : try it. 

Measuring Liquids. — For coarse work, such as measuring 
adds for dissolving ores, graduated glasses similar 
to those used by druggists may be used. It is 
well to have two sizes — a smaller graduated into 
divisions of 5 c.c. (fig. 26), and a larger with divi- 
sions equal to 10 c.c. No measurement of im- 
portance should .be made in a vessel of this kind, 
JOS a slight variation in level causes a serious error. 

Graduated flasks must be used when anything 
lias to be made up to a definite bulk, or when a 
:fixed volume has to be collected. If, for example, 
:a certain weight of substance has to be dissolved 
:and diluted to a htre, or if the first 50 c.c. of a distillate has to be 
collected, a flask should be used. Each flask is graduated for one 
particular quantity ; the most useful sizes are 1000 c.c, 500 c.c, 
.200 c.c, 100 c.c, and 50 cc The mark should be in the narrowest 
part of the neck, and should be tangential to the curved surface 
•of the liquid when the flask contains the exact volume specified. 
'The level of a curved surface of liquid is at first somewhat difficult 
to read : the beginner is in doubt whether the surface should be 
taken at a, b, or c (fig. 27). It is best to take the lowest reading 
'C. In some lights it is difficult to find this; in such cases a 
piece of white paper or card held behind and a little below, so as 
to throw light up and against the 
•curved surface, will render it 
clear. In reading, one should 
look neither up at nor down 
upon the surface, but the eye 
.should be on the same level with 
it. It must be kept in mind 
that flasks ccmtain the quantity 
specified, but deliver less than 
this by the amount remaining 
in them and damping the sides. 
If it is desired to transfer the 
contents say of 100 cc flask to a beaker, it will be necessary to 
complete the transfer by rinsing out the flask and adding the wash- 
ings ; otherwise there will be a sensible loss. Graduated cylinders 
(fig. 28) are convenient for preparing standard solutions. 

Pipettes and burettes are graduated to deliver the quantities 
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specified. The principle of the pipette, and the advantages and 
disadvantages of its various forms, may be understood by con- 
tfiderirg the first form shown in fig. 29. It is essentially a bulbed 

tube drawn out to a jet at its lower 
end, and having on each side of the 
bulb a mark so placed that when 
the surface of the liquid falls from 
the upper to the lower mark the 
instrument shall deliver exactly 
100 c.c. The bore of the jet should 
be of such a size as will allow the- 
^\ level of the liqui4 to fall at the ratei 
of about one foot in two minutes^ 
If it runs more quickly than this^ 
an appreciable error arises from the- 
\y varying amount of liquid remain- 
ing, and damping the sides of the- 
bulb. The flow of liquid from a. 
pipette must not be hastened by blowing into it. The lower tube- 
or nose of the pipette should be long enough to reach into the bottle 
or flask containing the liquid about to be measured. The pipette 
is filled by sucking at the open end with the mouth ; this method 
of filling renders the use of the instrument dangerous for such 
liquids as strong acids, ammonia, and such poisonous solutions as. 
that of potassic cyanide. One attempt with a fairly strong solu- 
tion of ammonia will teach the beginner a very useful lesson. As 
soon as the liquid rises above the upper mark in the pipette, the» 
mouth is withdrawn, and the pipette quickly closed by pressings 
the upper aperture with the index finger of the right hand ; it is 
well to have the finger slightly moist, but not damp. The neck of 
the pipette should be long enough to allow its being firmly grasped, 
by the fingers and thumb of the right hand without inconvenience* 
The pipette is first held in a vertical position long enough to allow 
any moisture outside the tube to run down, and then the liquid is. 
allowed to nin out to the level of the upper mark ; this is easily 
effected hy lessening the pressure. If the finger is wet, the flow 
will be jerky, and good work impossible. The pipette is next held 
over the ve&sel into which the 100 c.c. are to be put, and the liquid, 
allowed to run out. When the bulb is nearly empty, the flow 
should be checked by replacing the finger, and the liquid allowed 
to escape slowly until the lower mark is reached. The pipette is . 
then withdrav/n ; it is in the withdrawing that the disadvantage 
of this particular form^ makes itself felt. It must be withdrawn 

^ It is best to use this form with a glass stopcock, or with on India- . 
rubber tnue and clip, after the manner of a Mohr's burette. 
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▼ery steadily, as the slightest shock causes the remaining colamn 
of liquid to vibrate, whereby air is drawn in and the liquid is forced 
out. 

This disadvantage is got rid of by making the mouth of the jet 
the lower limit, or, in other words, allowing the instrument to 
empty itself. There are two forms of such pipettes ; in the one 
generally recommended in Cray-Lussac's silver assay (the last 
shown in fig. 29) the nose Ls replaced by a jet. This is most con- 
veniently jGCQed by stopping the jet with the finger, and allowing 
the liquid to flow in a fine stream into the neck until the pipette 
is filled, and then working as just described. The other form is 
the one in general use; in fact, a long nose to a pipette is so 
convenient that it may almost be said to be necessary. But the 
accuracy is slightly diminished ; a long narrow tube makes a poor 
measuring instrument because of the amount of liquid it finally 
retains. A defect possessed by both forms is the retention of a 
drop of varying size in the nozzle. Whatever method is adopted 
for removing this drop must be always adhered to. The most 
convenient form is the one last described, and the most useful 
sizes are 100 c.c, 50 c.c, 20 c.c, 10 c.c, and 5 c.c. Ten c.c. pipettes 
graduated into tenths of a cubic centimetre are very useful : those 
are best in which the graduation stops short of the bottom. 

All measurements should be made at the ordinary temperature ; 
and, before being used, the pipette should be rinsed out with a 
cubic centimetre or so of the solution to be measured. After 
using, it should be washed out with water. 

Burettes differ mainly from pipettes in having the flow of 
liquid controlled from below instead of from above. The best 
form is that known as Mohr's, one kind of which is provided with 
a glass stopcock, while the other has a piece of india-rubber tube 
compressed by a clip. The latter cannot be used for solutions of 
permanganate of potash or of iodine, or of any substance which 
acts on india-rubber ; but in other respects there is little to choose 
between the two kinds. A burette delivering 100 c.c, and 
graduated into fifths {i.e., each division = 0.2 c.c), is a very conve- 
nient size. For some kinds of work, 50 c.c divided into tenths 
{i.e., each division = o.i c.c) may be selected. 

Burettes may be fixed in any convenient stand ; they must be 
vertical and should be so placed that the assayer can read any 
part of the graduated scale without straining. When not in use, 
they should be kept full of water. When using a burette, tho 
water must be run out ; the burette is next rinsed with some of 
the solution to be used, and drained ; and then it is filled with tho 
solution. !Next squeeze the india-rubber^tube so as to disentangle 
air-bubbles and, by smartly opening the clip, allow the tube and 
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jet to be filled ; see that no bubbles of air are left. Then inin out 
eautiously until the level of the liquid in the burette stands at 
zero. In reading the level with very dark-coloured liquids it is 
convenient to read from the level a (fig. 27), and, provided it is done 
in each reading, there is no objection to this. The accuracy of the 
reading of a burette is sensibly increased by the use of an Erdmann 
float. This is an elongated bulb, weighted with mercury, and fitting 
(somewhat loosely) the tube of the burette. It floats in the solution, 
and is marked with a horizontal line ; this line is taken as the level 
of the liquid. If the burette is filled from the top, the float rises 
with aggravating slowness, and this is its chief disadvantage. The 
float must come to rest before any read- 
ing is made. 

A convenient plan for filling a burette 
from below is shown in fig. 30. The 
diagram explains itself. The bottle con- 
taining the standard solution is connected 
with the burette by a syphon arrange- 
m ent through the glass tube and T-piece. 
The fiow of liquid into the burette is con- 
trolled by the clip. When this clip is 
opened, the burette fills ; and when it is 
closed, the burette is ready for use in 
the ordinary way. 

Measuring Gases. — Lunge's nitro- 
meter (fig. 69) is a very convenient in- 
strument for many gasometric methods. 
It requires the use of a fair quantity of 
mercury. In fig. 31, there is a repre- 
sentation of a piece of apparatus easily 
fitted up from the ordinary material of a 
laboratory. It is one which will servo 
some useful purposes. It consists of a 
wide-mouthed bottle fitted (by prefer- 
ence) with a rubber cork. The cork is 
perforated, and in the perforation is 
placed a glass tube which communicates 
with the burette. The burette is con- 
nected by a rubber tube and a Y-piece, 
either with another burette or with a 
piece of ordinary combustion- tube of 
about the same size. The wide- mouthed 
bottle contains either a short test-tube or 
an ordinary phial with its neck cut off. In working the apparatus 
the weighed substance is put in the bottle and the re-agent which 




Fio. 30. 



M'EIGHING AKD MilASUEINO. 



53 






is to act on it, in the test-tube ; the cork is then inserted. The 
liquid in the two burettes is next brought to the same level, either 
by pouring it in at A or running it out 
at B. The level of the liquid in the appa- 
ratus for connecting variation in volume 
is then read and noted. Next, after 
seeing that the level of the liquid in the ' 
burette has not changed, tuiii the bottle 
over on its side so that the re-agent in 
the test-tube shaJl be upset into the 
bottle. Then, as the volume of the gas 
increases, lower the liquid in the burette 
by running it out at B, and at the same 
time keep the level in a half an inch or 
so lower than that in the burette. When 
the action has finished bring the liquid 
in the two vessels to the same level and 
read off the burette. This part of the 
work must always be done in the same 
manner. ^'®' S'* 

The volume corrector for gas analysis is a graduated glass tube 
of 1 20 c.c. capacity inverted over a narrow glass cylinder of mer- 
cury. It contains 0.2 or 0.3 c.c. of water and a volume of air, which, 
if diy and under standard conditions, would measure 100 c.c. The 
actual volume varies from day to day, and is read off at any time 
by bringing the mercury inside and outside to the same level. This 
is done by raising or lowering the tube, as may be required. Any 
volume of gas obtained in an assay can be corrected to standard 
temperature and pressure by multiplying by 100 and dividing by 
the number of c.c. in the corrector at the time the assay is made. 
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CHAPTER VI. 
BE-AGENTS.— ACIDS, ETC. 

Aeetio Acid, HAc or C,H^O,. (sp. gr. 1.044, containing ^3 V^^ 
cent, real acid). — ^An organic acid, forming a class of salts, acetates, 
which are for the most part soluble in water, and which, on 
ignition, leave the oxide or carbonate of the metal. It is almost 
always used in those cases where mineral acids are objectionable. 
To convert, for example, a solution of a substance in hydrochloric 
acid into a solution of the same in acetic add, alkali should be 
added in excess and then acetic acid. Many compounds are in- 
soluble in acetic acid, which are soluble in mineral acids, such as 
ferric phosphate, ferric arsenate, zinc sulphide, calcium oxalate, 
&c., so that the use of acetic add is valuable in some separations. 
The commercial acid is strong enough for most purposes, and is 
used without dilution. 

'' Aqua Begia " is a mixture of i part by measure of nitric acid 
and 3 parts of hydrochloric acid. The acids react forming what 
is practically a solution of chlorine.* The mixture is best made 
when wanted, and is chiefly used for the solution of gold and 
platinum and for "opening up" sulphides. When solutions in 
aqua rcgia are evaporated, chlorides are left. 

Bromine, Br. (sp. gr. 3.0). Practically pure bromine. — It is a 
heavy reddish-brown Hquid and very volatile. It boils at 60" C, 
and, consequently, must be kept in a cool place. It gives off brown 
irritating vapours, which render its use very objectionable. Gene- 
rally it answers the same purpose as aqua regia, and is employed 
where the addition of nitric acid to a solution has to be specially 
avoided. It is also used for dissolving metals only from ores 
which contain metallic oxides not desired in the solution. 

" Bromine Water " is simply bromine shaken up with water 
till no more is dissolved. 

Carbonic Acid, CO,. — A heavy gas, somewhat soluble in water ; 
it is mainly used for providing an atmosphere in which substances 
may be dissolved, titrated, &c., without fear of oxidation. It is 
also used in titrating arsenic assays with "iodine " when a feeble add 

* 3HCI + HNO, = CI, + NOCl + 2H2O. 
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is required to prevent the absorption of iodine by the alkaline car- 
bonate. It is prepared when wanted in solution, by adding a gram 
or so of bicarbonate of soda and then as much acid as will decompose 
the bicarbonate mentioned. When a quantity of the gas is wanted, 
it is prepared, in an apparatus like that used for sulphuretted 
hydrogen, by acting on fragments of marble or limestone with 
dilute hydrochloric acid. 

Citric Acid (H3C1 or C^TI fi^^Hfl) is an organic add which 
occurs in colourless crystals, soluble in less than their weight of 
water. The solution must be freshly prepared, as it gets mouldy 
when kept. It forms a comparatively unimportant class of salts 
{citrates). It is used in the determination of phosphoric add, 
ohiefly for the purpose of preventing the precipitation of phos- 
phates of iron and alumina by ammonia, and in a few similar 
cases. The commercial crystals are used ; they should be free 
from sulphuric acid and leave no ash on ignition. 

Hydrochloric Acid, HCl in water, (sp. gr. 1.16. It contains 
32 per cent, of hydrogen chloride). — It is sometimes called 
" muriatic acid," and when impure, " spirit of salt." The acid 
solution should be colourless and free from arsenic, ii'on, and sul- 
phuric acid. It forms an important family of salts, the chlorides. 
It is the best acid for dissolving metallic oxides and carbonates, 
and is always used by the assayer when oxidising agents are to be 
avoided. The add is used without dilution when no directions 
are expressly given to dilute it. It has no action on the following 
metals : gold, platinum, arsenic, and mercury ; it very slightly 
attacks antimony, bismuth, lead, silver, and copper. Tin is more 
soluble in it, but with difficulty ; whilst iron, zinc, nickel, cobalt, 
cadmium, and aluminium easily dissolve with evolution of hydro- 
gen and the formation of the lower chloride if the metal forms 
more than one class of salts. All the metallic oxides, except a few 
of the native and rarer oxides, are dissolved by it with the forma- 
tion of chlorides of the metal and water. 

Dilute Hydrochloric Acid is made by diluting the strong 
add with an equal volume of water. This is used for dissolving 
precipitates obtained in the general course of analysis and the 
more easily soluble metals. 

Hydrofluoric Acid, H.F. — ^A solution in water may be 
purchased in gutta-percha or lead bottles. It is of variable 
strength and doubtful puiity. It must always be examined 
quantitatively for the residue left on evaporation. It is used 
occasionally for the examination of silicates. It attacks silica, 
forming fluoride of silicon, which is a gas. When the introduction 
of another base will not interfere with the assay, the substance 
2nay be mixed in the platinum dish with fluoride of ammonium, 



56 TEXT-BOOK OF ASSAYING. 

or of potassium, or of calcium, aud hydrochloric acid, instead of 
treating it with the commercial add. It is only required in special 
work. The fumes and acid are dangerous, and, of course, glass or 
porcelain vessels cannot be used with it. 

Iodine, I. — This can be obtained in commerce quite pure, and 
is often used for standardising. It is very slightly soluble in 
water, but readily dissolves in potassium iodide solution. It 
closely resembles chlorine and bromine in its properties, and can 
be used for dissolving metals without, at the same time, attacking 
any oxide which may be present. It is chieiiy used ns an oxidizing 
agent in volumetric work, being sharp in its reactions and easily 
detected in minute quantities. It cannot be used in alkaline 
solutions, since it reacts with the hydrates, and even with the 
carbonates, to form iodides and iodates. Iodine is soluble in 
alcohol. 

Nitric Acid, HNO,. (Sp. gr. 1.42 ; boiling point 121' C. ; con- 
tains 70 per cent, by weight of hydrogen niti-ate). — It is con- 
venient to remember that one c.c. of this contains i gi'am 
of real acid. It combines the properties of an acid and of an 
oxidising agent. One c.c. contains 0.76 gram of oxygen, most of 
which is very loosely held, and easily given up to metals and 
other oxidisable substances. Consequently it will dissolve many 
metals, (fee, upon which hydrochloric acid has no action. All 
sulphides (that of mercury excepted) are attacked by it, and for 
the most part rendered soluble. It has no action on gold or 
platinum, and very little on aluminium. The strong acid at the 
ordinaiy tempei-ature does not act on iron or tin ; and in most 
cases it acts better when diluted. Some nitrates being insoluble 
in nitric acid, form a protecting coat to the metal which hinders 
further action. Where the strong acid does act the action is 
very violent, so that generally it is better to use the dilute 
acid. "When iron has been immersed in strong nitric acid it not 
only remains unacted on, but assumes a passive state ; so that if, 
after being wiped, it is then placed in the dilute acid, it will not 
dissolve. Tin and antimony are converted into insoluble oxides, 
while the other metals (with the exception of those already men- 
tioned) dissolve as nitrates. During the solution of the metal red 
fumes are given off, which mainly consist of nitrogen peroxide. 
The solution is often coloured brown or green been use of dissolved 
oxides of nitrogen, which must be got rid of by boiling. Grenerally 
some ammonium nitrate is formed, especially in the cases of zinc, 
iron, and tin, when these are acted on by cold dilute acid. 
Sulphur, phosphorus, and arsenic are converted into sulphuric, 
phosphoric, and areenic acids respectively, when boiled with the 
strong acid. 
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Dilute Kitrio Aoid. — Dilute i volume of the strong acid 
with 2 of water. 

Oxalio Aoid, H,0 or (H,C,0^.2H20.)— This is an organic acid 
in colourless crystals. It forms a family of salts — the oxalates. 
It is used in standardising ; being a crystallised and permanent 
acid, it can be readily weighed. It is also used in separations, many 
of the oxalates being insoluble. For general use make a lo pei' 
cent, solution. Use the commercially pure acid. On ignition tha 
acid should leave no residue. 

Sulphuretted Hydrogeo. Hydrosulphuric acid, SH,.— A 
gas largely used in assaying, since by its action it allows of the 
metals being conveniently classed into groups. It is soluble in 
water, this liquid dissolving at the ordinary temperature abouty 
three times its volume of the gas. The solution is only useful ioif 
testing. In separations, a cur- 
rent of the gas must always be 
used. It is best prepared in an 
apparatus like that shown in 
fig' 32, hy acting on ferrous sul- 
phide with dilute hydrochloric 
acid. When iron has to be 
subsequently determined in the ^^ 

assay solution, the gas should be ^ — ' 

washed by bubbling it through 




Fio. 32. 



water in the smaller bottle ; but for most purposes washing can 
be dispensed with. The gas is very objectionable, and operations 
with it must be carried out in a cupboard with a good draught. 
When the precipitation has been completed, the apparatus should 
always be washed out. The effect of this acid on solutions of the 
metals is to form sulphides. All the metallic sulphides are in- 
soluble in water ; but some are soluble in alkaline, and some in 
acid, solutions. If sulphuretted hydrogen is passed through an 
acid solution containing the metals till no further precipitation 
takes place, a precipitate will be formed containing sulphides 
insoluble in the acid. On filtering, adding ammonia (to render 
the filtrate alkaline), and again passing the gas, a further preci- 
pitate will be obtained, consisting of sulphides insoluble in an 
alkaline solution, but not precipitable in an acid one ; the filtrate 
may also contain sulphides not precipitable in an acid solution, 
which are soluble in an alkaline one ; these will be thrown down 
on neutralising. Again, the metals precipitated in the acid solu- 
tion form sulphides which may be divided into groups, the one 
consisting of those which are soluble, and the other of those 
which ai*e not soluble, in alkalies. This classification is shown in 
the following summary :— 
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1. FrecipitaMe in an acid soliUion. 

(a) Solublo in Alkalies. — Sulphides of As, Sb, Sn, Au, Ft, 

Ir, Mo, Te, and Se. 
(h) Insoluble in Alkalies. — Sulphides of Ag, Pb, Hg, Bi, 

Cu, Cd, Pd, Bh, Os, and Ru. 

2. iTof precipitated in an acid sottUion, htU thrown down in an 
alkaline one. 

Sulphides of Mn, Zn, Fe, Ni, Co, In, Tl, and Ga. 
These can again be divided into those which are dissolved by 
dilute adds and those which are not. 

3. Not preci]ntated in an acid or alkaline achUum^ but thrown 
down on n^eutraliaing tlie latter. 

Sulphides of V and W. 

Sulphuretted hydrogen is a strong reducing agent. Ferric 
salts are thereby quickly reduced to ferrous; in hot solutions 
nitric acid is decomposed". These changes are marked by a preci- 
pitation of sulphur, and the student must be careful to pass the 
gas sufficiently long, and not be too hasty in concluding that no 
sulphide will form because it does not at once make its appearance. 
The best indication that it has been passed long enough is the 
fimell of the gas in the solution after shieiking. 

Sulphurous Acid, H^SOj,. — ^The reagent used may be re- 
garded as a saturated solution of sulphur dioxide in water. It 
may be purchased, and keeps for a long time. It may be made 
by heating copper with sulphuric acid and passing the gas formed 
into water. The heat should be withdrawn when the gas is coming 
off freely. It is used as a reducing agent, and should not be 
diluted. 

Sulphuric Acid, H^SO^. (Sp. gr. 1.84, containing 96 per 
cent, of real acid, Hj^SO^.) — ^This acid forms insoluble sulphates 
with salts of lead, strontium, and barium. It has a high boiling 
point, 290° C, and, when evaporated with salts of the more 
volatile acids, converts them into sulphates. When nitrates or 
chlorides are objectionable in a solution, evaporation with sul- 
phuric acid removes them. In working with this acid caution 
is necessary, since, on mixing with water, great heat is evolved ; 
and, if either the acid or water has been previously heated, a 
eerious accident may result. In diluting the acid it should be 
poured into cold water. Glass vessels containing boiling sulphuric 
acid should be handled as little as possible, and should not be 
cooled under the tap. The action of diluted sulphuric acid on 
metals closely resembles that of dilute hydrochloric add. Mag- 
nesium, aluminium, iron, zinc, nickel, cobalt, manganese, and 
cadmium dissolve, with evolution of hydrogen, in the cold acid, 
or when warmed. The action of hot and strong sulphuric acid is 
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altogether different ; it acts as an oxidising agent, and is itself 
reduced to sulphur dioxide or even to sulphur. The following 
metals are attacked in this way:— copper, bismuth, mercury, 
:silver, antimony, tin, and lead. Gold, platinum, and arsenic are 
not affected. This property is made use of in parting silver from 
(gold and platinum. Metallic sulphides are similarly attacked; 
but this method of opening up minerals has the disadvantage of 
giving rise to the formation of anhydrous sulphates of iron, <&c., 
%vhich are not readily dissolved when afterwards diluted. The 
use of sulphuric acid in assaying is (for these reasons) to be 
avoided. Its chief use is as a drying agent, since it has a strong 
affinity for water. Air under a bell jar may be kept dry by 
means of a basin of sulphuric acid, and gases bubbled through it 
are freed from water-vapour. 

Dilute Sulphuric Aoid. — ^This is made by diluting i volume 
of the strong acid with 4 of water. 

Tartaric Acid, H,T or C^HgOg. — ^A crystallised organic acid, 
soluble in less than its own weight of water, or in less than three 
parts of alcohol. It is used for the same purposes as citric acid 
is. The solution is made when required. 

BASES, SALTS, &c. 

Alcohol, CjHgO. (Commeitsial alcohol of sp. gr. 0.838 ; it con- 
tains 84 per cent, by weight of alcohol.) — ^It should burn with a 
non-luminous flame and leave no residue. It is used for washing 
precipitates where water is inapplicable, and for facilitating drying. 

Ammonia, NH,. (Commercial ammonia, a solution having a 
fip. gr. of o 88 to 0.89, and containing about ^^ per cent, of 
^immonia.) — It is used as an alkali (more commonly than soda or 
potash), since an excess of it is easily removed by boiling. The 
salts of ammonium formed by it may be removed by igniting, or by 
evaporating in a porcelain dish with an excess of nitric acid. It 
differs in a marked way from soda or potash in its solvent action on 
the oxides or hydrates of the metals. Salts of the following metals 
are soluble in an ammoniacal solution in the presence of ammonic 
chloride : — copper, cadmium, silver, nickel, cobalt, manganese, zinc, 
magnesium, sodium, potassium, and the alkaline eartlis. 

Dilute Ammonia is made by diluting one volume of com- 
mercial ammonia with two of water. The dilute ammonia is 
;always used. 

Ammonic Carbonate (Am^COj) is prepared by dissolving one 
part of the commercial sesquicarbonate of ammonia in four parts • 
of water, and adding one part of strong ammonia. It is used for 
the precipitation of the alkaline earths, <fcc. 
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Axnmonio Bicarbonate (HAmCO,) is prepared by sataratmg 
a solution of the sesquicarbonate of ammonia with carbon 
dioxide. 

Amnionic Chloride, AmCl. — Use the commercial salt in a 
20 per cent, solution in water. The salt should leave no residue 
on ignition. 

Amnionic Molybdate. — ^The solution is prepared as follows : 
— Dissolve 100 grams of the powdered commercial salt in 200 c.c. 
of dilute ammonia, and pour the solution in a slow stream into 
750 c.c. of dilute nitric acid ; make up to i litre, and allow the 
mixtui-e to settle before using. It is used for the purpose of 
separating phosphoric oxide from bases and from other acids, 
and also as a test for phosphates and arsenates. In using thiH. 
solution the substance must be dissolved in nitric acid, and a con- 
siderable excess of the i*eogent added (50 c.c. is sufficient to pre- 
cipitate 0.1 gram P^O^) ; when the phosphate is in excess no precipi- 
tate will be got. The precipitate is phospho-molybdate of ammonia. 

Amjnonic Nitrate (AmNO,) is used in the separation of 
phosphoric oxide by the molybdate method, and occasionally for 
destroying organic matter. It is soluble in less than its own- 
weight of water. The solution is made when wanted. 

Ammonic Oxalate {Am^Cfi^.2lifi) is used chiefly for the 
separation of lime. The solution is made by dissolving 10 grams 
of the salt in 100 c.c. of water. 

Ammonic Sulphide may be purchased in the state of a strongs 
solution. It is yellow, and contains the disulphide, S,Am,. It. 
serves the same purpose as is obtained by passing a current of 
sulphuretted hydrogen through an ammoniacal solution ; but has 
the disadvantage of loading the solution with sulphur, which is 
precipitated when the solution is subsequently acidified. It is- 
useftd for dissolving the lower sulphide of tin (SnS). 

Baric Carbonate (BaCO,) is sometimes used for precipitating 
the weaker bases. It should be prepared when wanted by pre- 
cipitating a solution of baric chloride with ammonic carbonate- 
and washing. The moist precipitate is used without drying. 

Baric Chloride, BaCl,.2H50. — A crystallised salt, soluble 
in 2i parts of water. It is used for the detection and separation 
of sulphates. Make a 10 per cent, solution. 

"Black Flux." — A mixture of finely divided carbon with 
carbonate of potash or with carbonates of potash and soda. It is 
prepared by heating tartar or ** rochelle salt" until no more 
combustible gas is given olF. One gram will reduce about 2 grama 
of lead from litharge. 

Borax, Na,B^Oy.ioH,0. — It is chiefly used as a flux in dry 
assaying, as already described. It is also used in testing before* 
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the blowpipe; many metallic oxides impart a characteristic 
colour to a bead of borax in which they have been fused. 

Calcium Chloride. — ^The crystallised salt is CaCl,.6H,0 ; dried 
at 200° C. it becomes CaC1^2H,0, and when fused it becomes de- 
hydrated. The fused salt, broken into small lumps, is used for 
drying gases. It combines with water, giving off much heat ; and 
dissolves in a little more than its own weight of water. Strong 
solutions may be used in baths in which temperatures above the 
boiling-point of water are required. One part of the salt and 2 
of water give a solution boiling at 112', and a solution of 2 parts 
of the salt in i of water boils at 158**. The salt is very little 
used as a reagent. 

Caloium Fluoride or ** Fluor Spar,'' CaF,. — ^The mineral is 
used as a flux in dry assaying ; it renders slags which are thick 
from the presence of phosphates, &c., very fluid. Mixed with 
hydrochloric acid it may sometimes be used instead of hydro- 
fluoric acid. 

Calcium Carbonate, CaCO,. — It is precipitated in a pure 
state by ammonic carbonate from a solution of calcium chloride. 
It is used for standardising. In the impure state, as marble or 
limestone, it is used in the preparation of carbonic acid. 

Caloium Hydrate or ^'Lime Water." — This is used in 
testing for carbon dioxide and in estimating the amount of that 
gas present in air. It may be made by slaking quicklime and 
digesting the slaked lime with water. One hundred c.c. of water 
at 15' C. dissolves 0.1368 grams of the hydrate (CaH,0,), and hot 
water dissolves still less. " MUk of lime " is slaked lime suspended 
in water. 

Cobalt Nitrate (Co(NO,),.6H20) is used in a 10 per cent, 
solution for the detection of oxides of zinc, aluminium, d^c. ; 
on ignition with which it forms characteristically coloured 
compounds. 

Copper, Cu. — Pure copper, as obtained by electrolysis, can be 
purchased. This only should be used. 

Copper Oxide, CuO. — It occurs as a black, heavy, and 
gritty power, and is used for the oxidation of carbon and hydrogen 
in organic substances. It should be ignited and cooled out of 
contact with air just before iising, since it is hydroscopic. Oxide 
of copper which has been used may be again utilised after 
calcination. 

Copper Sulphate (CuS0^.5H,0) contains 25.4 per cent, of 
copper. It is used in the outer cell of a Daniell-battery. The 
commercial salt is used for this purpose. The re-crystallised and 
pure salt is used for preparing the anhydrous sulphate, which is 
used for detecting moisture in gases. For this purpose it is 
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dried at 200° C. till no trace of green or blue colour remains. It 
must be prepared when wanted. It may be conveniently used 
in the form of pumice-stone, saturated with a solution of the 
salt and dried. Traces of moisture develop a green colour. 

Ferric Chloride, Fe,Clg. (When crystallised, Fe,CIg.6H,0.> 
— ^The solution is prepared as described under iron. " The com- 
mercial salt contains arsenic, and, since the chief use of ferric 
chloride is for the determination of this substance, it must be 
purified {see under Arsenic). 

Ferric Sulphate (Fe,(SO^)j) is a yellowish white deliquescent 
salt. It is used as an indicator in volumetric silver assaying, and 
for the separation of iodine from bromine. It may be purchased 
as iron aliun, Am,Fe,(S0^)^.24H20. But it is best prepared by 
adding strong sulphuric acid to ferric hydrate in equivalent 
proportions. Use it as a solution containing 2 or 3 per cent, 
of iron. 

Ferrous Stdphate, FeSO^.yHjO.— The granulated form is 
best, andean be purchased pure. It is used. for standardising. 
It keeps better in crystals than in solution. It is readily soluble 
in water, but the solution is best made with the help of a little 
free acid. As a re-agent use a 10 per cent, solution. The crystals 
fihould be clear bluish-green ; if their colour is dark green, 
brown, or blue, they should be rejected. 

Ferrous Sulphide (FeS) is used for the preparation of sul- 
phuretted hydrogen. It may be purchased and broken in small 
lumps, nut-size, for use. 

" Fusion Mixture " (KgCOj.NajCOj) is a mixture of potassic 
and sodic carbonates in the proportions of 13 of the former to 
10 of the latter, by weight. It is hygroscopic. A mixture of the 
bicarbonates is better, being purer and less apt to get damp. 

Gallic Acid (CyHgOj.H^O) is an organic acid, occurring as a 
pale fawn-coloured crystalline powder, soluble in 100 parts of 
cold water, or in 3 parts of boiling water. It is used for the 
determination of antimony. A 10 per cent, solution in warm 
water is made when required. 

Hydrogen (H) is a gas. It is obtained by acting on zinc with 
dilute hydrochloric or sulphuric acid. It is used as a reducing 
agent, and for providing an atmosphere free from oxygen. It 
reduces metallic oxides at a high temperature. It must be freed 
from water ; and special precautions should be taken to prevent 
an admixture with air. It is generally required in a current 
which can be continued for an hour or more without interruption. 
The preparation can be conveniently carried out in the apparatus 
shown (fig. ^^), A quart bottle is half filled with sheet zinc, 
and connected with bulbs filled with sulphuric acid, and with 
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a calcium chloride tube. The last is connected with the apparatus 
through which the gas has to be 
i)a8sed. Dilute hydrochloric acid 
mixed with a few cubic centimetres 
(20 c.c. to I pint) of stannous chloride 
to fix any dissolved oxygen, is placed 
in the funnel, and let into the bottle 
by opening the stopcock when re- 
quired. Care must be taken to let ^^®- 33* 
the hydrogen escape for some time before starting the reduction. 

Gold, Au. — Gold, obtained by cupelling and " parting," is for 
most purposes sufficiently pure. It is best kept in the shape of 
foil. When the purer metal is required, gold should be dissolved 
in aqua regia, the solution evaporated to a paste, diluted, allowed 
to stand, and filtered. The filtered sc^ution is acidified with hydro- 
chloric acid, warmed, and precipitated with sodium sulphite. Th^ 
precipitate is collected, washed, and fused on charooaL 

Iron, Fe. — The soft wire (thin) is used for standardising. 
Bods are used in dry assays as a desulphurising agent. Steel 
must not be used, since it is not pure, and contains a variable 
amount of iron. 

Iiead, Pb. — Granulated lead or lead-foil is used in the dry 
assay for silver and gold, and in the preparation of lead salts. It 
can be obtained very pure, but always contains more or less silver^ 
I or 2 milligrams in 100 grams. The amount of silver it con- 
tains must be determined and recorded. 

Iiead Acetate (PbAc,.3H,0, or Pb(C,H30,),.3H,0) is used as a 
test, specially for the detection and estimation of sulphuretted 
hydrogen. Prepare a 10 per cent, solution for use. 

Iiead Nitrate (Pb(N03),) can be purchased pure. It is used for 
standardising. 

Lead Dioxide (PbO^) occurs as a dark-brown powder. It is 
used as an oxidizing agent and for absorbing sulphurous oxide. 
It can be prepared by digesting red lead with warm dilute nitric 
acid ; washing and drying the residue. 

" Iiitharge," PbO. — It can be purchased as a yellow heavy 
powder. It is used in dry assaying as a flux, as a desulphurising 
4:igent, and also as a source of lead. It always contains some 
silver, the amount of which must be determined. 

Litmus. — This is an organic colouring matter which is turned 
red by acids and blue by alkalies. For ordinary purposes it is 
best used as litmus paper, which may be purchased in small books. 
A solution is prepared by digesting 15 or 20 grams of the com- 
mercial Ktmus in 100 c.c. of water on the water bath. After being 
allowed to settle, it is filtered and made just faintly red with 
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fvoeiic acid. Then there is added a drop or two of a solution of soda 
and lo C.C. of alcohol. It should be kept in a loosely-covered bottle. 

Magnesia, MgO. — It may be purchased as *' calcined magnesia." 
It is iised for making *^ magnesia mixture/' and should be kept in 
fii corked wide-mouthed bottle. 

''Magnesia Mixture." — Dissolve 22 grams of magnesia in 
0hout a quarter of a litre of dilute hydrochloric acid, avoiding 
excess. Add 5 grams of magnesia, boil, and filter. Add 300 grams 
of ammonic chloride, and 250 c.c. of strong ammonia; and dilute 
with water to 2 litres. It should be kept in a stoppered win- 
xhester. 

Magnesium Sulphate, MgSO^.yH^O. — It can be purchased 
^ery pure, and is occasionally used as a standard salt. 

Manganese Dioxide, MnO^. — It is used in the preparation of 
/chlorine. The commercial article is not pure, but is sufficiently so 
|or this purpose. 

Marble, CaCO,. — Fragments of the white crystalline variety 
only should be used. It is used as a source of lime and of carbon 
^oxide. 

Mercury, Hg. — This can be purchased pure. It should have 
/a bright surface, flow without a tail, and leave no residue on igni- 
tion. It is used as a standard ; for amalgamation ; and as a con- 
j&ning liquid in gas analysis. 

Mercuric Chloride (HgCl,) may be purchased pure. Make a 
^ per cent, solution in water. It is used for destroying an excess 
oi stannous chloride ; for removing sulphuretted hydrogen from 
solution ; and as a test for stannous salts. 

Microcoamic Salt, HAmNaPO^.SH^O.— When fused NaPO, 
is formed. It is used in testing for metallic oxides and silica before 
the blowpipe. The crystals aie sometimes used as a standard for 
phosphoric acid. 

^'Nessler's Solution.'' — Mode of preparation: Dissolve 35 
jgrams of potassium iodide in 100 c.c. of water ; dissolve 17 grams 
of mercuric chloride in 300 c.c. of water, and pour this solution 
into that of the iodide till a permanent precipitate is produced ; 
make up to i litre with a 20 per cent, solution of potash ; add 
mercuric chloride till a precipitate is again formed ; allow to 
settle and decant. It is used for detecting ammonia. 

Nitre. — This is potassium nitrate. 

Platinum Chloride, 2HCLPtCl^. (In the crystallised form it 
has 6H,0). — It may be made as follows : — Take 5 grams of clean 
platinum scrap and dissolve in a flask at a gentle heat in 50 c.c. of 
hydrochloric acid with the occasional addition of some nitiic acid ; 
evaporate to a paste; and then dissolve in 100 c.c. of water. lb 
is used for separating and determining potassium. 
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Phenolphthalein is an organic compound used as an indicator ; 
more especially in determining the weaker acids. It cannot be 
used in the presence of ammonia. Dissolve half a gram in loo c.c. 
of dilute alcohol. 

Potassium Bicarbonate, KHCO^. — It may be purchased 
pure ; on ignition it leaves the carbonate, K^CO,, which may be 
used as a standard. 

Potassium Cyanide, KCN.— It is used in the dry assay as a 
reducing agent. The commercial salt is very impure. Purchase 
that sold as potassic cyanide (gold) which contains about 95 i)er 
cent, of KCN. It is used for copper assaying and occasionally in 
separation. Make a 10 per cent, solution when wanted. 

Potassium Bichromate, K,Or,0^. It may be purchased 
nearly pure. It is used as an oxidismg agent, for determining 
iron ; and as a test solution. For this last purpose a 10 per 
cent, solution is prepared. 

Potassinm Chlorate (KCIO,) can be purchased pure. It is 
used with hydrochloric acid as a substitute for aqua regia. 

Potassium Ferrocyanide (K^Fe(CN)j.3H,0), or "yellow 
prussiate of potash," is used as a teist ; as an indicator ; and for 
the determination of zinc. Make a 5 per cent, solution. 

Potassium Eerricyanide (KgFe,(CN)j,), or " red prussiate of 
potash," is used for testing ; and as an indicator. Make a 5 per 
cent, solution when wanted, as it decomposes on keeping. 

Potassium Hydrate, KHO. Purchase that punfied with 
alcohol. It is an alkali, and is used for absorbing carbonic acid, &c. 

Potassium Iodide, KI. It may be purchased nearly pure. 
It is used as a test and for dissolving iodine. It should be used in 
a 10 per cent, solution freshly made. The solution decomposes on 
exposure to light, with separation of iodine. 

Potassium Nitrate (KNO,) can be purchased pure. It is used 
in the dry way as an oxidizing agent. It is very fusible. It 
decomposes at a low temperature into potassium nitrite (KNO,) 
and free oxygen; and at a higher temperature leaves potash 
(K,0). It oxidizes sulphur and carbon with explosive violence. 
This action may be moderated by mixing the nitre with carbonate 
of soda, common salt, or some other inert body. 

Potassium Nitrite, KNO,. — The commercial article is not 
pure, but is sufficiently so for the purpose required. A saturated 
solution is used in the separation of cobalt ; the solution is made 
when wanted. 

Potassium Permanganate, KMnO^. — This salt can be pur- 
chased sufficiently pure. It is much used as an oxidizing agent. 

Potassium Bisulphate (KHSO^) is used as a dry reagent for 
opening up minerals. It fuses ; and at a much higher tempera- 

E 
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ture is converted into potassium sulphate with loss of sulphuric 
acid. 

Potassium Sulphocyanate (KCNS) is used for the detection 
and determination of traces of ferric iron ; as also in the separation 
of silver and copper from some of the other metals. Make a lo 
per cent, solution. It should show no colour on the addition of 
hydrochloric acid. 

" Bed Lead" (PbgO^) is used in the dry assay as a flux instead 
of litharge, from which it differs in containing a little more oxygen. 
When acted on by nitric acid a brown residue of lead dioxide is 
left, nitrate of lead going into solution. Like litharge it always 
carries silver ; about 2 milligrams in 100 grams. 

Silver, Ag. — Pure silver in foil is required as a standard. 
It may be prepared as follows : — Dissolve scrap silver in dilute 
nitric acid and decant off from any residue ; dilute the solution 
with hot water and add hydrochloric acid until there is no further 
precipitate, stir ; allow the precipitate to settle ; decant and wash ; 
dry the precipitate, mix it with twice its bulk of carbonate of 
soda and fuse the mixture in a crucible until tranquil ; clean the 
button and roll or hammer it into foil. 

Sodium Acetate, NaC,H30,.3HjO. — The crystals may be pur- 
chased sufficiently pure. Make a 20 per cent, solution in water. 
It is used for replacing mineral acids by acetic acid.* 

Sodium Acetate and Acetic Acid. — A solution is used in the 
determination of phosphates and arsenates; 100 grams of the 
salt is dissolved in 500 c.c. of acetic acid, and diluted with water 
to one litre. 

Sodium Bicarbonate (NaHC03)is used as a flux in dry methods. 
On ignition it leaves the carbonate (Na^COg), which is used as a 
standard reagent. Make a 20 per cent, solution of the carbonate 
for use. It should be free from chlorides or sulphates, or if 
impure the amount of impurities must be determined. 

Sodium Hydrate, NaHO. It may be purchased in sticks, 
which should be kept in a well-corked bottle. It is sometimes called 
" caustic soda." It is a strong alkali. It is used for neutralizing 
acid solutions and for separations where ammonia is unsuitable. 
Make a 5 per cent, solution for use. 

Sodium Hyposulphite, Na,SjOj.5H,0. — It may be purchased 
pure. It is generally known as "hypo." It is used as a 
standard. 

Sodum Sulphite (Na^SOj.yHjO) is used as a reducing agent. 

Sodium Phosphate, N'a,HP04.i2H30. The crystals may be 
purchased puie, but they effloresce in dry air with loss of water. 

♦ NaCjH.Ojj + Ha = H,CA + NaCl. 
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It is used as a standard and for precipitating magnesia, &c 
Make a lo per cent, solution. 

Stannous Chloride, SnCl,.2H,0. — The crystals are best pur- 
chased. If kept dry and free from air they are fairly permanent. 
A solution is made by dissolving 20 grams in 10 c.c. of hydro- 
chloric acid and diluting to i litre. The solution is not permanent. 
It is a strong reducing agent, and is chiefly used in solution for 
this purpose. 

Tin, Sn. — Grain tin should be purchased. It is not pure, but 
contains 99.5 jper cent, of the metal. The chief impurity is 
copper. It can be used as a standard. When acted on with hot 
hydrochloric acid it slowly dissolves (more rapidly in contact with 
platinum) and forms stannous chloride. 

Uranium Acetate, JJOJ^CfIlfi,)yILfi. — It is best purchased in 
crystals. The solution is used for the determination of phosphates 
and arsenates. A solution of 3 per cent, strength is occasionally 
used as an indicator. 

Uranium Nitrate, UO,(N03),.6HjO. — ^This salt is very soluble 
in water and is sometimes used instead of the acetate, which is 
somewhat difficult to dissolve. 

" Water," H,0. — Spring or well water is sufficiently pure for 
most purposes, 100 c.c. will leave a residue of from 10 to 30 
milligrams, so that where a salt has to be dissolved out, evaporated, 
and weighed it should be replaced by distilled water. Kain water, 
melted snow, &c., always leave less residue than spring water ; 
but in other respects they are often dirtier. Distilled water is 
best prepared in the office, a glass or tin condenser being used. 

Zino, Zn. — It is sold in a granulated form or in sticks. It 
generally contains over i per cent, of lead, with a little iron and 
arsenic. It is used for separating metals from their solutions, 
and generally as a reducing agent. For the preparation of 
hydrogen, and in most other cases, scrap sheet zinc may be used. 

Zinc Oxide, ZnO. — The commercial oxide sometimes contains 
carbonate. 

Zinc Sulphate, ZnS0^.7H,0. — It is occasionally used as a 
standard, and can be purchased nearly pure. 
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CHAPTER VII. 

FOBMIJIiiES, EQUATIONS, ETC. 

PoBMULiE and equations are a kind of short hand for expressing 
briefly and in the language of the atomic theory the facts of 
chemical composition and reaction. The convenience of this 
method of expressing the facts justifies a short description of it- 
here. 

On comparing the percentage composition of a series of com- 
pounds the proportions in which the elements combine appears to^ 
be regulated by no simple law. For example : 





Bealgar. 


Orpiment. 


Mispickel. 


Pyritw 


Arsenic . 


. 71.4 .. 


. 60.9 .. 


46.0 ... 


— 


Sulphur . 


. 28.6 .. 


. 39.1 .. 


19.6 ... 


53.3 


Iron . . 


. — 




. 34.4 ... 


46.7 



100.0 ... lOO.O 



But if in these examples the composition is calculated, not on loo 
parts, but on 107, 246, 163, and 120 parts respectively, evidence 
of a simple law becomes apparent. 





Bealgar. 


Orpiment. 


Mispickel. 


Pyrites 


Arsenic . 


. 750 . 


.. 150.0 .. 


. 75-0 •. 


— 


Sulphur . 


. 32.0 . 


96.0 .. 


. 32.0 ... 


64.0 


Iron . . 


— 


— 


56.0 ... 


56.0 



107.0 ... 246.0 ... 163.0 ... 120.0 

It will be seen that the proportion of arsenic is 75 or twice 75, 
that of iron is 56, and that of sulphur 32 or some simple multiple of 
32. The series of examples might be extended indefinitely, and it 
would still be found that the " combining proportions " held good. 
The number 75 is spoken of as the " combining weight," or, more 
frequently, as the "atomic weight" of arsenic. Similarly 56 is. 
the atomic weight of iron, and 32 the atomic weight of sulphur. 
The importance of this law of chemical combination is altogether 
independent of the atomic theory ; but this theory furnishes the 
simplest explanation of the facts. According to it a chemical 
compound is made up of exactly similar groups of particles. The > 
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particles of each elementary substance are all alike, but .differ 
from those of other elements in weight. Ultimate particles are 
called aloma^ and the groups of atoms are called molecules. The 
atomic weight of any particular element is the weight of its atom 
compared with the weight of an atom of hydrogen. The atom of 
sulphur, for instance, is 32 times as heavy as the atom of hy- 
drogen, and the atomic weight of sulphur is 32. The molecular 
weight is the sum of the atomic weights of the group. The mole- 
cule of pyrites contains two atoms of sulphur and one of iron : on 
referring to the table of atomic weights it will be seen that the 
atomic weights are— sulphur 32, and iron 56. The molecular 
weight, therefore, is 32 + 32 + 56 — ^that is, 120. The meaning of 
this is, 120 parts by weight of iron pyrites contain 64 parts of 
sulphur and 56 parts of iron ; and this is true whether the *^ parts 
by weight " be grains or tons. 

The symbol or farnivXa of an atom is generally the initial letter 
or letters of the Latin or English name of the substance. The 
atom of hydrogen is written H, that of oxygen O, of sulphur S, 
of iron (ferrum) Fe, and so on. A list of these symbols is given 
in the table of atomic weights. 

The formula of a macule is obtained by placing together the 
symbols of the contained atoms. Thus, Fe represents an atom of 
iron, S an atom of sulphur, while FeS represents the molecule of 
sulphide of iron as containing one atom of each element. 

When more than one atom of an element is present this iJi 
shown by writing a figure under and after the symbol; thus, 
FeS, represents a molecule with one atom of iron and two atoms 
of sulphur, Fe^S, similarly shows one with two atoms of iron and 
three of sulphur. When a group of atoms is enclosed in brackets, 
a figure after and under the bracket multiplies all within it ; for 
example, Pb(NO,), is another way of writing PbN,Og. Sometimes 
it is convenient to represent the atoms of a molecule as divided 
into two or more groups; this may be done by writing the 
formulae of the groups, and separating each simple formula by a 
full stop. Slaked lime, for instance, has the formula CaH,0, ; or, 
as already explained, we may write it Ca(HO), ; or, if for purposes 
of explanation we wished to look on it as lime (CaO) and water 
^H,0), we could write it CaO.H,0. A plus sign ( + ) has a 
different meaning; CaO + H,0 indicates quantities of two sub- 
stances, water and lime, which are separate from each other. The 
sign of equality ( = ) is generally used to separate a statement of 
the reagents used from another statement of the products of the 
reaction ; it may be translated into the word " yields " or " be- 
comes." The two statements form an equation. 

Ignoring the quantitative relation, the meaning of the equation 
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CaO + H,0 = CaO.II,0 is: "lime and water yield slaked lime." 
By referring to a table of atomic weights we can elicit the quan- 
titative relations thus : — 

CaO + H,0 = CaH,0, 

Ca = 40 H, = 2 = I X 2 Ca = 40 

O =16 O =^i6 H,= 2=1x2 

— — O, =32=16x2 

56 18 — 

74 

Or, putting it in words, 56 parts of lime combine with 18 parts of 

water to form 74 parts of slaked lime. This equation enables 

one to answer such a question as this : — How much lime must be 

used to produce i cwt. of slaked lime ? for, if 74 lbs. of slaked 

^ « I. 1- ti Ml . ^6x 112 
ume require 56 lbs. of lime, 112 lbs. will require ^ , or 

about 84I lbs. 

As another example having a closer bearing on assaying take 
the following question :— " In order to assay 5 grams of ' black 
tin' (SnO,) by the cyanide process, how much potassic cyanide 
(KCN) will be required 1 " The reaction is 

SnO, + 2KCN = Sn + 2KCNO 

I I 

Sn=ii8 K = 39 

O = 32 C =12 

^ = 14 

150 — 

65x2 = 130 
What is sought for here is the relation between the quantities 
of SnO, and KCN. Note that a figure before a formula multiplies 
all that follows up to the next stop or plus or equality sign. The 
question is now resolved to this : if 150 grams of oxide of tin 
require 130 grams of cyanide, how much w&l 5 grams require f 
150 : 130 :: 5 : a; 

a? = 4.33 grams. 
A problem of frequent occurrence is to find the percentage 
composition of a substance when its formula has been given. For 
example : ** What percentage of iron is contained in a mineral 
having the formula 2Fe,0,.3lI,0 ? " Bringing this formula to- 
gether we have Fe^H^O,. Find the molecular weight, 
Fe^ = 224 = 56 X 4 
Hg = 6=1x6 

O, = 144 = 16 X 9 

474 
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Then we get: 474 parts of the mineral contain 224 of iix)n. How 
much will 100 contain ? 

474 : 224 :: 100 : x 

X = 47.25 
And the answer to the question is 47.25 per cent. 

Again, suppose the question is of this kind : — " How much 
crystallised copper sulphate (CuS0^.5H,0) will be required to 
make 2 litres of a solution, i c.c. of which shall contain 0.00 10 
gram of copper 1 " 

A litre is 1000 cc, so, therefore, 2 litres of the solution must 
contain 0.00 1 gram x 2000, or 2 grams. How much crystallised 
copper sulphate will contain this amount of metal ? 

Cu = 6^.^ 

S = 32.0 

O^ = 64.0 = 16 X 4 

5H,0 = 90.0 = 18 X 5 

249-3 
If 63.3 grams of copper are contained in 249.3 gi^ms of sulphate, 
in how much is 2 grams contained. 

63.3 : 249.3 ''- 2 gi-ams : x 

X = 7.2448 grams. 
The answer is, 7.245 grams must be taken. 

As a sample of another class of problem similar in nature to the 
last (but a little more complicated) take the following : — '* What 
weight of permanganate of potash must be taken to make 2 litres 
of a solution, 100 c.c. of which shall be equivalent to i gram of 
iron 1 " In the first place the 2 litres must be equivalent to 
20 grams of iron, for there are 20 x 100 c.c. [in two litres. In 
the titration of iron by permanganate solution there are two re- 
actions. First in dissolving the iron 

Fe + H,SO, = FeSO, + H, 

V 

56 

and second, in the actual titration, 

loFeSO, + aKMnO, + 9H,S0, = zMnSO, + sFe,(SO,), + aKHSO. 
I + 8H,0 

K =39. 
Mn=S5 
0, =64 

158x2 = 316 
As before, attention is con£ned to the two substances under 
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consideration — ^viz., Fe and KMnO^. In the second equation we 
find 316 parts of the permanganate are required for 10 molecules 
of FeSO^ ; and in the first equation 56 parts of iron are equiva- 
lent to one molecule of FeSO^, therefore 560 of iron are equiva- 
lent to 316 of permanganate ; and the question is, How much of 
the permanganate will be equivalent to 20 grams of iron ? 

560 : 316 :: 20 grams : a;. 

x=- 11.286 grams. 
The answer is 11.286 grams. 

Very similar to this last problem is the question suggested 
under the head " Indirect Titration " (p. 43). ** If 100 c.c. of 
the standard permanganate solution are equivalent to i gram of 
iron, how much peroxide of manganese will they be equivalent 
to ? " The equation for dissolving the iron is already given ; the 
second equation is 

2FeS0, + MnO, + 2H,S0, = Fe,(SO,), + MnSO, + 2H,0 

Mn = 55 
O, =32 

87 
It will be seen that 87 grams of peroxide of manganese are 
equivalent to 112 grams of iron. How much then is equivalent 
to I gram of iron \ 

112 : 87 :: I gram : x 

33 = 0.7767 gram. 
It is sometimes convenient to calculate the formula of a sub- 
stance from its analysis. The method of calculating is shown by 
the following example. Required the formula of a mineral 
which gave the following figures on analysis : — 



Cupric oxide (CuO) 


. 10.58 


Ferrous oxide (FeO) 


. 15.69 


Zinc oxide (ZnO) .... 


. 0.35 


Sulphuric oxide (SO.) 


. 28.82 


Water (HjO) . .' . 


. 44.71 



100.15 

First find the molecular weights of CuO, FeO, <fec., and divide 
the corresponding percentages by these figures. Thus, CuO = 
63.3 + 16 = 79.3 and 10.58 divided by 79.3 gives 0.132 1. Simi- 
larly FeO = 56 +16 = 72 and 15.69 divided by 72 gives 0.2179. 
Treated in the same way the oxide of zinc, sulphuric oxide and 
water give as results 0.0043, 0.3602 and 2.484. 

Classify the results as follows : — 
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Buet. 

CqO 0.1321 
FeO 0.2179 
ZnO 0.0043 


Aeidi. 
80,0.3602 


Witer. 
H,0 2.484 



RO 0-3543 ••• RO, 0.3602 ... B,0 2.484 

The figures 0.3543, 0.3602 and 2.484 should be then divided by 
the lowest of them — i,e,, 0.3543 ; or where, as in this case, two of 
the figures are very near each other the mean of these may be taken 
— t,e., o. 3 5 7 2 . Whichever is taken the figures got will be approxi- 
mately I, I and 7. The formula is then R0.S0,.7H,0 in which 
K is nearly f ths copper, ^ths iron and a little zinc. 

This formula requires the following percentage composition, 
which for the sake of comparison is placed side by side with the 
actual results. 





Calculated. 


Found. 


Cupric oxide . 


. 11.29 


10.58 


Ferrous oxide . 


• 1537 


15.69 


Zinc oxide 


. nil 


0.35 


Sulphuric oxide 


. 28.47 .. 


. 28.82 


Water 


. 44.84 .. 


44.71 



99.97 ... 100.15 

Trimming the results of an analysis to make them fit in more 
closely with the calculations from the formula would be foolish 
as well as dishonest. There can be no doubt that the actual 
analytical results represent the composition of the specimen much 
more closely than the formula does ; although perhaps other 
specimens of the same mineral would yield results which would 
group themselves better around the calculated results than 
around those of the first specimen analysed. It must be re- 
membered that substances are rarely found pure either in iialiue 
or in the arts ; so that in most cases the formula only gives an 
approximation to the truth. In the case of hydrated salts there 
is generally a difficulty in getting the salt with exactly the right 
proportion of water. 

PRACTICAL EXERCISES. 

The following calculations may be made : — 

1. Calculate standards in the following cases — 

(a) Silver taken, 1.003 gram. Standard salt used, 100.15 c.c. 
(6) Iron taken, 0.7 gram. Bichromate used, 69.6 c.c. 

2. Calculate percentages : — 

(a) Ore taken, i gram. Solution used, 65.2 c.c. Standard, 0.987 
gram. 
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(6) Pre taken, i gram. Barium sulphate got, 1.432 gram. Barium 
sulphate contains 13.73 per cent, of sulphur, and the per- 
centage of dulphur in the ore is wanted. 

(c) Barium sulphate is BaSO^. Calculate the percentage of sul- 
phur it contains, for use in the preceding question. 

3. A method of estimating the quantity of peroxide in a manganese ore 

is based on the following reactions : — 

(1) MnO. + 4HCI = MnCl» + CL + 2H,0. 

(2) CI + KI = KCl + I. 

To how much MnO, is i gram of Iodine (I) equivalent ? 

4. A mineral has the following composition : — 

Carbonic acid (COj) . . . 19.09 

Copper oxide (CuOJ . . .71.46 

Water (H,0) . . , . 9.02 
What is its formula ? 

5. How much copper is contained in 1.5 gram of crystallized copper sul- 

phate (CuSO^.sHjO) ? How much of these crystals must be taken 
to give o. 4 gram of copper ? 

6. How much ferrous sulphate crystals (FeS04.7H,0) must be taken to 

yield 2 litres of a solution, 100 c.c. of which shall contain 0.56 
gram of iron ? 

7. Galena is PbS, and haematite FejO,. What percentages of metal do 

these minerals contain ? 
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CHAPTER VIII. 
SPECIFIC GBAVITY. 

The relation of the weight of a substance to its volume should be 
kept in mind in all cases where both weight and volume are dealt 
with. Students are apt to imagine that on mixing equal volumes 
of, say, sulphuric acid and water, an acid of half the strength must 
be obtained. If the statement of strength is in parts by weight 
this will lead to consideraule error. For example, loo cc of sul- 
phuric acid containing 98 per cent, by weight of real acid, will, if 
diluted with 100 cc. of water, yield a solution containing not 49 
per cent, by weight, but about 63.5 per cent, of the acid. The 
i^eason is this : the 100 cc. of sulphuric acid weighs 184 grams, 
and contains 180.32 grams of real acid, while the 100 cc. of water 
weighs only 100 grams; the mixed water and acid weighs 284 
grams, and contains 180.32 of real acid, which is equivalent to 
nearly 63.5 per cent, by weight. If, however, the method of 
statement be volumetric, it would be correct to say that doubling 
the volume halves the strength : if 100 cc. of brine contains 10 
grams of salt, and is diluted with water to 200 cc, it would be of 
one-half the former strength, that is, 100 cc of the solution would 
contain 5 grams of salt. 

This confusion is avoided by always stating the strengths as so 
many grams or '' cc. '* in 100 cc of the liquid. But obviously it 
would be advantageous to be able to determine quickly the weight 
of any particular substance corresponding to i cc. or some other 
given volume. Moreover, in descriptions of processes the 
strengths of acids and solutions are frequently defined neither by 
their gravimetric nor volumetric composition, but by a statement 
either of specific gravity or of the degrees registered by TwaddelFs 
or Beauml's hydrometer. Thus, in the description of the process 
of gold parting, one writer gives : " The acid should be of 1.2 
specific gravity " ; and another says : *' The acid must not be 
stronger than 32° Beaume." 

These considerations justify an account of the subject in such a 
work as this. And on other grounds the determination of a specific 
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gravity is one of the operations with which an assayer should be 
familiar. 

The meaning of "specific gravity" is present in the mind of 
every one who uses the sentence " lead is heavier than water.'' 
This is meaningless except some such phrase as " bulk for bulk " 
be added. Make the sentence quantitative by saying : " bulk for 
bulk lead is 1 1.36 times heavier than water," and one has the exact 
meaning of: " the specific gravity of lead is 1 1.36." A table of the 
specific gravities of liquids and solids shows how many times 
heavier the substances are than water. 

It is better, however, to look upon the specific gravity (written 
shortly, sp. g.) as the weight of a substance divided by its volume. 
In the metric system, i c.c. of water at 4** C. weighs with sufficient 
exactness i gram ; consequently, the sp. g., which states how many 
times heavier than water the substance is, also expresses the 
weight in grams of one c.c. of it. So that if a 100 c.c. flask of 
nitric acid weighs, after the weight of the flask has been deducted, 
120 grams, i c.c. of the acid weighs 1.2 gram, and the sp. g. is 1.2. 
The specific gravity, then, may be determined by dividing the 
weight of a substance in grams by its volume in c.c. ; but it is more 
convenient in practice to determine it by dividing ^e weight of the 
avhatance by the weight of a7i equal volwnie of water. And since the 
volumes of all substances, water included, vary with the tempera- 
ture, the temperature at which the sp. g. is determined should be 
recorded. Even then there is room for' ambiguity to the extent 
that such a statement as the following, ** the specific gravity of the 
substance at 50** C. is 0.9010," may mean when compared with water 
at 50" C. or 4° C, or even 15.5** C. For practical purposes it 
should mean the first of these, for in the actual experiments the 
water and the substance are compared at the same temperature, 
and it is well to give the statement of results without any super- 
fluous calculation. In the metric system the standard temperature 
is 4° C, for it is at this point that i c.c. of water weighs exactly 
I gram. In England, the standard temperature is 60° F. (15.5° C.), 
which is supposed to be an average temperature of the balance- 
room. The convenience of the English standard, however, is 
merely apparent ; it demands warming sometimes and sometimes 
cooling. For most purposes it is more convenient to select a tem- 
perature sufficiently high to avoid the necessity of cooling at any 
time. Warming to the required temperature gives very little 
trouble. 

Determination of Specific Gravity. — There is a quick and 
easy method of determining the density or sp. g. of a liquid, based 
upon the fact that a floating body is buoyed up more by a heavy 
liquid than by a light one. The method is more remarkable for 
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speed than accuracy, but still is sufficiently exact. The piece of 
apparatus used for the purpose is endowed with a variety of 
names — sp. g. spindle, hydrometer, areometei-, salimeter, alcoholi- 
meter, lactometer, and so on, according to the special liquid upon 
which it is intended to be used. It consists of a float with a sinker 
at one end and a graduated tube or rod at the other. It is made 
of metal or glass. Grenerally two are required, one for liquids 
ranging in sp. g. from i.ooo to 2.000, and 
another, which will indicate a sp. g. between 
0.700 and I.ooo. The range depends on the 
size of the instrument. For special work, 
in which variations within narrow limits ai-e 
to be determined, more delicate instruments 
with a narrower range are made. 

In using a hydrometer, the liquid to be 
tested is placed in a cylinder (flg. 34) tall 
enough to allow the instrument to float, and 
not too narrow. The temperature is taken, 
and the hydrometer is immersed in the fluid. 
The mark on the hydrometer stem, level with 
the surface of the liquid, is read off*. "With 
transparent liquids it is best to read the mark — 
under and over the water surface and take Fia. 34. 

the mean. 

The graduation of hydrometers is not made to any uniform 
system. Those marked in degrees Baume or Twaddell, or accord- 
ing to specific gravity, are most commonly used. The degrees on 
Baum^'s "hydrometer agree among themselves in being at equal 
distances along the stem; but they are proportional neither to 
the specific gravity, nor to the percentage of salt in the solution. 
They may be converted into an ordinary statement of specific 
gravity by the following formulae : — 

^' °* 144-3 — degrees Baume. 
or putting the rule in words, subtract the degrees Baume from 
144.3, ^^'^ divide 144.3 ^^ the number thus obtained. For 
example : 32° Baume equals a sp. g. of 1.285. 

_E4±3_ ^ £44^ ^ ,.,85. 

144.3 — 32 II2.3 ^ 

This rule is for liquids heavier than water ; for the lighter 
liquids the rule is as follows : — 

cj 14^ 

^" ®' "" 136 + degrees Baume. 

or in words divide 146 by the number of degrees Baume added 
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to 136. For example : ammonia of 30° Beaume has a sp. g. of 
0.880 (nearly). 

136 + 30 = 166 = ^-^795. 

A simple series of calculations enables one to convert a Beaume 
hydrometer into one showing the actual sp. g. Graduation, 
according to sp. g. is the most convenient for general purposes. 
In these instruments the distances between the divisions become 
less as the densities incre8.se. 

Twaddeirs hydrometer is graduated in this way : Each degree 
Twaddell is 0.005 in excess of unity. To convert into sp. g. 
multiply the degrees Twaddell by 0.005, and add i . For example : 
25° Twaddell equals a sp. g. of 1.125. 

25 X .005 = 0.125; + 1.000=1.125. 

There is a practice which ignores the decimal point and speaks 
of a sp. g. of 1 1 25 instead of 1.125. ^^ some cases it is con- 
venient, and inasmuch as no substance has a real sp. g. of much 
over 20, it can lead to no confusion. The figures expressed in this 
way represent the weight of a litre in grams. 

Some hydrometers are graduated so as to show at a glance the 
percentage composition of the liquid they are intended to be used 
with. Gay-Lussac designed one to show the alcohoUc strength of 
mixtures of alcohol and water ; the construction of others upon 
the same principle is easy and perhaps useful. But when the 
principle is applied to complex liquids and mixed solutions, it is 
misleading. 

The various methods of graduation ought all to give place to 
one showing a simple statement of the sp. g. 

The method of determining sp. g. with the hydrometer is 
obviously inapplicable to the case of solids, and in 

A the case of liquids it should not be used where exact 
figures are required. There are several other methods 
which may be used, but on the whole those with the 
specific gravity bottle are most convenient. 
The specific gravity bottle (fig. 35) is a light 
flask of about 25 c.c. capacity, provided with a well- 
fitting perforated stopper. It is essentially a gradu- 
ated flask, which measures a constant volume, but it 
does not much matter what the volume is. 

In taking the sp, g. of a liquid (or, what is the 

same thing, a fused solid) there is wanted the weights 

Fig. 35. (i) of the flaskful of water and (2) of the flaskful 

of the liquid. Dividing the first by the second gives 

the required sp. g. The actual weighings required are — 
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{i) oi the dry and empty flask, 

(2) of the flask filled with water, and 

(3) of the flask filled with the liquid. 

The weighing of the flask once made need not be often repeated. 
It is well to do so DOW and then for safety's sake ; but one weigh- 
ing will serve for a lai*ge number of determinations. The same 
remarks apply to the weighing of the bottle filled with water. 
The bottle is dried by rinsing out first with alcohol and afterwards 
with ether ; ether is very volatile, and a short exposure in a warm 
place will soon drive off the little remaining about the sides. The 
ether vapour should be sucked out through a glass tube. See that 
the bore of the stopper is dry as well as the bottle. Let the dry 
bottle stand in the box of the balance for a minute or two before 
weighing. The weight is, strictly speaking, not that of the empty 
bottle, but of the bottle filled with air. The empty bottle would 
weigh from 20 to 30 milligrams less. Correcting for this would, 
in most cases, only make a difference in the fourth place of 
decimals,* so that it is better to ignore the error. 

The weight of the flask filled with water is got by filling it with 
distilled water, and inserting the stopper. The excess of water 
will overflow at the margin and through the bore. The bottle is 
wiped with a soft, dry cloth, taking care not to squeeze or warm 
the bottle. The bottle will remain filled to the top of the stopper. 
It is allowed to stand in the balance box for a minute or two, and 
then weighed. 

Distilled water, as stated, should be used ; the use of ordinary 
water may increase the weight by 5 or 6 milligrams. Many 
waters, if they have not previously been boiled, give off bubbles 
of air which render the weighing worthless. 

The temperature of the water is of greater importance ; lower- 
ing the temperature 2° will increase the weight by 10 or 12 milli- 
grams. A beaker of water may be warmed or cooled to the re- 
quired temperature ; then the bottle is filled from it, and quickly 
weighed. If the balance-room is cooler than the water, the latter 
will draw back into the bottle, and a few small bubbles of air will 
enter; but even in extreme cases this will only increase the 
weight by a very small fraction of a milligram. There is more 
trouble caused when the room is warmer, for the liquid then ex- 
pands and protrudes as a drop resting on the top of the stopper. 

* The difference of 20 or 30 milligrams is disregarded here because it 
detracts equally from the actual weight of the water and liquid to be 
determined. If the liquid is a heavy one the difference shows itself in the 
third or second place of decimals. The correction may be made by deduct- 
ing from the weight of the flask 0.0012 grams for each gram of water it 
holds. 
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Fig. 36, 



There will in this case be loss by evaporation, which in the case of 
the more volatile liquids, such as alcohol, is serious. To prevent 
this loss, as well as any that may arise by overflow, the stopper 
should be dilated above into a small cup, A (fig. 36), 
which may itself be stoppered. In a bottle of this 
kind the neck of the stopper is graduated, and the 
bottle is considered full when the liquid stands at the 
level of the mark in the neck. On inserting the stop- 
per, the liquid rises into the cup, and is reduced to 
the level of the mark by absorption with pieces of 
filter-paper. 

For most purposes, however, there is no need for 
cooling and allowing room for subsequent expansion. 
The assayer, as a rule, can select his own standard 
temperature, and may choose one which will always 
necessitate warming. It will be handier in this case 
to have a bottle with a thermometer stopper. Of the two types 
shown in fig. 37, that with the external thermometer tube (A) is 
more generally useful. 

The bottle is fiUed at a lower temperature, and is then gently 
warmed so as to slowly raise the tem- 
perature to the required degree. The 
superfluous liquid is then at once wiped 
off, and the bottle cooled and weighed. 

The weight of the flask filled with the 

liquid whose sp. g. has to be determined 

is ascertained in a similar way. Of 

course the temperature must be the 

^,^ I ,, , same. If the liquid does not mix with 

^BJ l^B water, the bottle should be dried before 

J^HL J^BL flllii^gy but otherwise the flask need only 

/^^\ f\ If]^ be rinsed out two or three times with the 

II ^^i"^**- 

H 1 111 Having obtained the three weighings^ 

P 10 deduct the weight of the bottle from 

each of the others to get the weights of 
the water and liquid respectively. Divide 
the latter by the former, the result shows 
the sp. g. As an example, take the fol- 
lowing, in which a rather large sp. g. bottle was used : — 

1. Weight of bottle 39.299 gram 

2. Weight of bottle and water . , . . 81.884 »> 

3. Weight of bottle and paraffin . . .73. 146 „ 

By subtracting i from 2 and 3 the result is as follows : — 
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81.884 grams 73. 146 grams 

39.299 »» 39.299 » 



42.585 of water. 33.S47 of paraffin. 

Divide the weight of the paraffin by that of the water— 

42.585)33.8470(0.7948 
29.8095 



The sp. g. of the paraffin is 0.7948. 

The sp. g. of a fusible solid may be obtained in the same way at 
a temperature some degrees above its fusing point. 

The sp, g, of a solid in powder or gravel sufficiently/ fine to pass 
through the neck of the hotUe is easily determined. If the bottle 
filled with water weighs 50 grams, and there is placed on the pan 
alongside of it 20 grams of a sand, the weight of the two together 
will of course be 70 grams. But if the sand is put in the bottle, 
it evidently displaces its own bulk of water ; and if, on again 
weighing, the weight is found to be 62 instead of 70 grams, it is 
because the 20 grams of sand has displaced 8 grams of water. 
Bulk for bulk, the sand is 2| times as heavy. 

In practice, the weight of the bottle filled with water will pro- 
bably be already known ; if not, it must be determined. A 
certain quantity, say 20 grams, of the powdered substance is then 
transferred carefully to the bottle. The bottle need not be dry 
inside, but its neck and outside must be. In making this trans- 
ference a careful worker will make no loss, and the mode of work- 
ing saves a little time. But it is better to weigh the dry flask ; 
put into it 10 to 20 grams of the powder, and weigh again. The 
increase in weight gives accurately the weight of powder in the 
bottle. About two-thirds fill the bottle with distilled water, and 
mix with the powder by gentle shaking. Air bubbles will disen- 
tangle themselves," and rise to the surface of the water. Wash 
back anything adhering to the stopper with a jet of water, and fill 
the bottle almost to overflowing. Allow it to stand for a minute 
or so ; replace the stopper ; warm to the required temperature ; 
take oS the superfluous moisture ; wipe and weigh. As an 
exjEunple, take the following : — 

1. Weight of bottle « 12.681 grams 

2. „ „ bottle filled with water . . 37.708 „ 

3. „ „ bottle with wolfram . . , 40.821 „ 

4. „ „ bottle with wolfram and water . 61. 199 „ 
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Subtract (i) from (3) to get the weight of wolfram taken : 
40.821 grams 
12.681 ,, 



28.140 ,, 

add the weight of the wolfram to the weight of the bottle filled 
with water : 

28.140 grams 

37.708 ., 



65.848 „ 

subtract (4) from this to get the weight of water displaced : 

65.848 grams 
61.199 „ 



4.649 „ 

Divide the weight of the wolfram by the weight of the water 
displaced to get sp. g. : 

4.649)28.140(6.053 
27.894 



If the solid is soluble in water, or has a tendency to float, some 
liquid other than water is used. ParaflSin oil or oU of turpentine 
will do. The process is as follows : — ^The weight of the dry and 
empty bottle having been determined, add a sufficiency of the sub- 
stance and weigh again to find how much has been added. Fill 
up with paraffin oil and weigh again. Clean out the substance by 
rinsing with paraffin ; fill up and weigh. Calculate the sp. g. as 
if water had been used, and multiply by the sp. g. of the paraffin. 

For example : 

1. Weight of bottle ' 39-299 grams ^ 

2. „ „ bottle and nitre . . . 57.830 „ 

3. „ „ bottle and paraffin • . • 73- 146 „ 

4. „ „ bottle and paraffin and nitre . 84.665 „ 

5. „ „ bottle and water . . . 81. 884 „ 

First from (i), (3), and (5), calculate the sp. g. of the paraffin 
as already shown. It will be 0.7948. Deduct (i) from (2) to 
get the weight of the nitre : 

57.830 grams 
• 39-299 V 

18.531 » 
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add this to (3) ; 



18.531 grams 
73-146 „ 



91-677 „ . . ^ ^ 

and deduct (4) to find the weight of the equal bulk of paramn : 

91.677 grams 
84.665 „ 



7.012 „ 
divide the weight of the nitre by the weight of the paraffin : 
7.012) 18.531(2.6427 



The sp. g., taking paraffin as the standard instead of water, is 
2.6427. Multiply this by the sp. g. of paraffin, 0.7948, and the re- 
sult is 2.1004 as the sp. g. of nitre compared with water. 

Similarly, a sp. g. compared with water at say 50° C. can be con- 
verted into one compared with water at standard temperature, by 
multiplying by the sp. g. of water at 50** C. The following table 
gives the sp. g. of water at various temperatures : — 



Ce?t&.! SP-<^- cfntfg'SSe. 


SP-^' i Cou^nSe. 

1' 


Sp.G. 


4^ 
10^ 

15^ 


i 
I.oooo 20"* 

0.9997 25^ 
0.9991 30" 


0.9982 40' 
0.9971 1 50' 
0.9957 100° 


0.9923 
0.9881 
0.9586 



If, for example, a substance at 50" C. has a sp. g. of 0.9010 as 
compared with water at 50° C, it will have (compared with water 
at 4" C.) a sp. g. of 0.9010 X 0.9881 ; or 0.8903. The figures 0.8903 
represent the sp. g. of the substance at 50'' C. compared with water 
at 4* C. Except in comparing the sp. gravities of the same sub- 
stance at different temperatures, a calculation of this kind serves 
no useful purpose. 

In taking the specific gravity of a solid not in powder, a lump of 
it is freed from loose particles and its exact weight determined. 
By means of a horse hair with a slip knot it is suspended to the 
balance, and beneath it is placed, out of contact with the balance 
pan, a beaker of distilled water. The horse hair must be long 
enough to keep the mineral well beneath the surface of the water 
so as to allow the balance to vibrate. Air bubbles are removed 
by touching with a camel-hair pencil. Whilst the mineral is 
suspended in water the weight is again taken. It will weigh less 
than before, and the difference between the two weighings gives 
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the weight of water (and consequently the voKime) displaced by 
the mineral. The weight in air divided by the difference is the 
specific gravity. Thus 

Weight in air 3.2170 grams 

Weight in water 2. 7050 „ 

Difference . • • . • 0.5120 gram 

3.2170 : 0.5120 equals 6.28, the sp. g. 

The sp. g. of a substance depends mainly on its composition, 
but is affected by certain conditions. The effect of tempera- 
ture has been already considered. Air holes and empty spaces; 
lessen the specific gravity of otherwise solid bodies ; and metals,, 
which after fusion become imperfect solids, have their density 
increased by hammering or rolling. But metals when free 
from pores have their density diminished when rolled, without 
annealing. The effects of these conditions are slight when 
compared with those due to the presence of impurities. 

For simple substances, or mixtures of only two substances, 
a determination of sp. g. is a sufficient check on the composition 
for many practical purposes ; and with more complex mixtures, 
such as slags and some of the products of dressing operations in 
which the material does not differ much in its nature from time to 
time, such a determination will yield information of considei*able 
value, and afford a check upon the proper working of a process. 

When the mixing of two substances is accompanied by a change 
in volume, the sp. g. of the mixture can only be learnt by experi- 
ment. But when the substances have no such action on each 
other the resulting sp. g. can be calculated. Some of these calcu- 
lations have a practical interest as well as an educational value. 
Students should practise them so as to become familial* with the 
relations between weight and volume. 

Whe7i substances are mixed by volume, the sp. g. of the mixture 
is the mean of those of its constituents, and may be calculated 
in the usual way for obtaining averages. i c.c. of a sub- 
stance having a sp. g. of i .4 mixed with i c.c. of another having 
a sp. g. of i.o will yield 2 c.c. of a substance having a 
sp. g. of 1.2. If, however, we write gram instead of c.c. in 
the above statement, the resulting sp. g. will be 1.16. The 
simplest plan is to remember that the sp. g, is the weight divided 

by the volume (sp. g. = !? J and the sp. g. of a mixture is the sum 

of the weights divided by the sum of the volumes (sp. g. = 

!? — ^ — '- ). In the above example the sum of the volumes 

t7 + t/+l/', &c. / 

is 2 c.c. ; the weights (got by multiplying each volume by its 
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corresponding sp. g.) are 1.4 gram and i gram. The sum of the 

weights divided by the sum of the volumes is — or 1.2. 

The sp. g. of a mixture of 10 e.c. of a substance having a sp. g. 

of 1.2, with 15 c.c. of another having a sp. g. of 1.5 may be thus 

found : — 

12 + 22.5 o 

sp. g. = ^ = 1.38 

^ ^ 10+ 15 "^ 

multiply each volume by its sp. g. to get its weight : 

10x1.2 = 12 15x1.5 = 22.5 

add these together (12 + 22.5 = 34.5) and divide by the sum of 
the volumes (10 + 15 - 25) : 

25)34.5(1-38 
25 

95, &c. 
The sp. g. will be 1.38, provided the mixture is not accompa- 
nied by any change of volume. 

The same formula will serve when the proportion of the ingre- 
dients is given by weight. A mixture of 4 parts by weight of 
galena (sp. g. 7.5) with 5 parts of blende (sp. g. 4) will have a 
sp. g. of 5.06 : 

4 + 5 9 /: 

sp. g. = -1 — ^ = — ^ = c,o6 

^ '=' 0.53+1.25 1.78 ^ 

It is necessary in this ca.se to calculate the volumes of the 
galena and of the blende, which is done by dividing the weights 
by the sp. gravities : thus, 4 divided by 7.5 gives 0.53 and 
5 divided by 4 gives 1.25. 

The converse problem is a little more difficult. Given the 
sp. g. of a mixture and of each of the two ingredients, the per- 
centage by weight of the heavier ingredient may be ascertained 
by the following rule, which is best expressed as a formula. 
There are three sp. gravities given ; if the highest be written H, 
the lowest L and that of the mixture M, then : 

Percentage of heavier mineral = - ,.. — rvf x^— 

Suppose a sample of tailings has a sp. g. of 3.0, and is made 
up of quartz (sp. g. 2.6) and pyrites (sp. g. 5.1) : then the per- 
centage of pyrites is 27 : 

100 X 5. 1 X (3 - 2.6) 5 10 X 0.4 _ 204 
'3 ^ (S--^- 2.6) - 3x2.5 "t^"^^'"^ 
The same problem could be solved with the help of a little 
algebra by the rule already given, as thus : the sp. g. of a mixture 
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equals the sum of the weights of the constituents divided by the 
sum of the volumes. Then loo grams of the tailings with x per 
cent, of pyrites contain loo-a: per cent, of quartz. The sum of 

it* 

the weights is loo. The volume of the pyrites is ^ and of the 

loo-aj 
quartz 



2.6 

Then we have by the rule 

Vs. I 
1326 



100 

lOO-f-l -— + 



2.6 



^ 510-2.5.^ 

204 = 7.50; 

and ir= 27.2 
If the percentage (P) and sp. g. (H) of one constituent and the 
sp. g. (M) of the mixture are known, the sp. g. of the other con- 
stituent may be calculated by the following formula, in which 
ic is the required sp.g. : 

(loo-P)xMxH 
100 X H-Px m 
For example, "tailings" (sp. g. 3.0) containing ^7.2 per cent, 
of pyrites (sp. g. 5.1) will contain (100-27.2), 72.8 per cent, of 
earthy matter having a mean sp. g. of x : 

_^ (100 - 27.2) X 3 X 5.1 
(100x5.1) -(27.2x3) 

= 1113^^ ^,,C 
428.4 

The differences in sp. g. corresponding to differences in strength 
have been carefully determined and tabulated in the case of the 
stronger acids and of many other liquids. Such tables are given 
at the end of this book. 

To Calculate the Weight of a Measured Volume of Mineral or 
Rock. — Multiply the cubic feet by 62.4 and then multiply by the 
sp. g. of the stuff, the answer gives the weight in* pounds. For 
example, 100 cubic feet of quartz weighs 100x62.4x2.6 = 
16,224 lbs. The weight of any mass of mineral of known extent 
and sp. g. is ascertained in this way. 

The following table gives the specific gravities of some of the 
commoner minerals. 



Barytes . 


. 4-5 


Fluor . 


. 3.1 


Blende . 


. 4.0 


Galena . 


• 7.5 


Calcite . 


. 2.6 


Haematite 


. 5.0 


Cassiterite . 


. 6.9 


Mispickcl . 


. 6.2 


Chalybite . 


. 3.8 


Pyrites . 


. 5.0 


Copper pyrites 


. 4.2 


Quartz . 


. 2.6 



PAETII— THE METALS. 

CHAPTER IX. 
SILVBB, GOLD, PLATINUM, MEBCUEY. 

SILVER. 

Silver is widely diffused, and has been found in most mining 
districts. It occurs native in sufficient quantity to constitute one 
of the chief ores of the metal. It also occurs combined with 
sulphur (as in argentite), with sulphur and antimony (as in ste- 
phanite or brittle silver ore, and in pyrargyrite or ruby silver), 
and with copper, sulphur, antimony, and arsenic, as in polybasite. 
Chloride of silver occurs native as horn silver or kerargyrite. 
Silver is found in the ores of other metals, such as fahlerz, which 
sometimes contains from two to ten per cent, of the metal, and 
galena, which is an important source of it ; in fact, galena is never 
found entirely free from silver. It is present also in greater or 
less quantity in the ores of copper and zinc. 

Silver dissolves readily in nitric acid, forming silver nitrate. 
It only forms one family of salts, and of these the chloride and 
nitrate are of chief importance to the assayer. The formation of the 
chloride of silver on the addition of hydrochloric acid or a soluble 
chloride to the nitric acid solution, serves for the recognition and 
separation of silver. The precipitated chloride is white (becom- 
ing violet on exposure to light), insoluble in nitric acid, soluble in 
ammonia, hyposulphite of soda, or concentrated solutions of chlo- 
rides. The best confirmatory test is made by wrapping the pre- 
cipitate in a little sheet lead, and cupelling, when the silver will 
be left in the metallic state, and is easily recognized. 

Dry Assay. — This assay is made up of two parts: (i) the 
concentration of the silver in- a button of lead; and (2) the 
eupellation of the resulting alloy. The concentration of the 
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button of lead may be effected either by scorification or by fusion 
in a crucible. 

The scorification assay is performed in a scorifier, which is a 
shallow open-mouthed dish about 2 J inches across, with a very 
thick bottom to enable it to withstand the corrosive action of the 
slag. A charge of more than 3 or 5 grams of the ore cannot be 
worked in one, and with such small charges the unavoidable 
variations have a serious effect on the figures^reported. A differ- 
ence of oiie milligram on the weight of the button of silver got 
represents a difference of 6 or 10 ounces per ton. With rich 
ores such variatioii is unavoidable under any conditions, and the 
only safe plan is to take the mean of several assays. But with 
poorer ores the accuracy of the assay, as well as convenience in 
working, is much increased by working in a crucible with larger 
charges. 

In scorification the proportion of lead required for scorifying 
I gram of ore is in average cases from 10 to 15 grams, sinking in 
the case of galena to 2 grams, and rising with earthy and refrac- 
tory substances to from 30 to 40 grams. But by fusing in a 
crucible with well-selected fluxes, a proportion of 4 of flux to 
I of ore is generally sufficient ; and not only is the proportion of 
added matter less, but it is also easier to manipulate large quan- 
tities in crucibles, so that, although in some cases the crucible 
assay is more troublesome and less satisfactory, yet with pooj- 
and earthy ores it is the best method of dealing with them ; while 
when properly worked it yields results as accurate as scorification 
does. As a general rule, if more than 5 grams of ore must be 
taken, the crucible assay should be adopted. 

Scorification Assay. — ^The charge of ore is usually 3 grams, 
sometimes 5 ; the lead varies from 30 to 70 grams, and the quan- 
tity of soda, borax, or powdered glass added varies from 0.3 to 3 
or 4 grams. It is generally recommended to have the lead granu- 
lated,* and to mix the ore with about half of it in the scorifier ; 
then to put on the rest of the lead ; and 
finally to sprinkle the borax or glass on 
the top. It answers just as well, how- 
ever, to use the lead in the shape of 
^ m f foil, and wrap the ore up in it ; and if 

* ' the ore contains much sulphur, the 

Fig. 38. borax may with advantage be added 

(wrapped in a little tissue paper) some 
five or ten minutes after the operation has started. 

♦ Lead may be granulated by heating it to a little above the melting 
point, pouring it into a closed wooden box, and r$ipidly agitating it as it 
Kolidifics. 
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The process of scorification is as follows : — ^A scorifier (^, 38) 
of convenient size having been selected (one 2 J inches across is 
most generally 
useful), it is 
dried at a gentle 

heat for about Fio. 39. 

ten minutes. 

The charge is then put into it, and it is introduced, with the 
help of a scorifier tongs (fig. 39), into a muffle heated consider- 
ably above redness. The muffle is then closed, and when the 
metal has melted down, it is opened, but the temperature is kept 
up. A ring of slag will, after a time, form around the metal, 
and when this appearance (known as the eye) presents itself, the 
temperature may be lowered. When the eye has disappeared 
— that is, when the layer of slag 

has quite closed in — ^a pinch of \?^ /^ |— i-r — \ 

powdered culm wrapped in tissue \^ k^ | ' '— * -' j\ 

paper is added. As soon as the \ ^^-"""^^^^ 

slag has again become tranquil, the ! —^X^^^^^"^^""'^^ 

scorifier is taken out, and its con- I '->->^' '" — ' L ^^"^^ 
tents are poured into a mould (fig. ^^^ 

40), the slag is detached, and 

saved. If the button of metal weighs more than 30 grams, 
its size is reduced by another scorification in the same scorifier, 
which should have been replaced in the muffle immediately after 
the contents had been poured out. If the ore is not a very rich 
one, the button of lead will carry practically all the silver ; but 
with rich ores it is more satisfactory to save the slag, and subse- 
quently to melt it down with the cupel on which the lead has 
been treated, so as to recover the silver lost in the slag, together 
with that absorbed in the cupel, at one operation. Or, if tho 
cupellation loss is neglected or calculated in some other manner, 
the slag or slags from the scorifier may be powdered and mixed 
with 20 grams of oxide of lead, 5 grams of borax, and i gram of 
charcoal. This should be melted down in a small crucible, and 
the resulting button of lead cupelled. 

If the scorification ha^been unsatisfactory, the quantity of silver 
obtained from the slag will be by no means inconsiderable. The 
usual explanation is that with sulphury ores compounds of metal- 
lic oxides and sulphides (oxysulphides) are formed, which remain 
in the slag, retaining considerable quantities of the precious metal. 
It is said that under certain conditions such a slag may contain 
as much as 10 per cent, of silver. An excess of lead and a high 
temperature prevents the formation of these oxysulphides. But 
if much silver is present in the ore, the slag cannot be safely 
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thrown away, even if sulphur is absent, and the process has been 
satisfactorily performed. 

If the crust which appears on the surface of the lead does not 
clear, add a small lump of borax and 20 grams more lead ; then 
close the mufHe, and keep the temperature as high as possible. 
If the slag forms properly, but shows unfused or only half -fused 
lumps, even when the scorification has proceeded for some time, 
add more borax, and stir with an iron rod. The slag adhering to 
the rod must be detached by hammering, and replaced in the 
scorifier. 

If the ore consists largely of quartz, soda should be added 
instead of borax ; or, if it contains much copper, powdered quartz 
may be used. If the scorifier at the end of an operation is more, 
than usually corroded, the borax should be replaced in subsequent 
assays on similar ores by powdered glass or quartz. 

If a fairly fluid slag is formed which does not clear from the 
metal and show the eye, more lead and a higher temperature is 
wanted. 

As a general rule, it may be stated that when a scoriflcation is un- 
satisfactory, what is wanted is more heat, more lead, or more borax. 

It is a safe plan when work has to be done on a strange ore, to 
make three or four assays with varying quantities of lead. The 
proportion of lead is right when a further addition does not yield 
a higher result. The proper proportion having been found, a 
note of it should be made for future use. 

POT ASSAYS. 

The object of the fusion in a crucible, like that of scorifica- 
tion, is to concentrate the silver in a button of lead which 
is to be subsequently cupelled; and to retain the earthy and 
waste matters in the slag. It is necessary to consider the quality 
of the slag and the weight and quality of the lead. The slag when 
fused should be liquid and homogeneous, and not too corrosive on 
the crucible. The button of lead should be soft, malleable, and 
free from a coating of regulus.* In weight it should not differ 
much from the ore taken. With 20 grams of ore, for example, a 
button of lead weighing from 18 to 25 grams will be satisfactory : 
less than this would leave an undue proportion of silver in the 
slag ; and more would be unnecessarily large for cupelling, and 
would increase the loss in that operation. 

With average ores, take 20 grams of the powdered ore and mix 
with 30 grams of " soda," 40 grams of red-lead or litharge, 5 grams 
of borax, and from 2 to 2.5 grams of flour, and place in an E cm- 

• * A rod of iron placed in the crucible with the assays will decompose 
any regulus that may be formed. 
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cible (Battersea round). Put these in the furnace at a red heat, 
cover the crucible, and gradually raise the temperature until the 
whole charge has melted down and is in a state of tranquil fusion. 
Pour into a mould, and replace the crucible in the furnace. As 
soon as the lead is solid, detach the slag and put it back into the 
crucible; and when it is again fluid, charge on to it with a copper 
scoop a mixture of 20 grams of oxide of lead, and i gram of char- 
coal : when fusion has again become tranquil, pour and detach the 
button of lead. The lead buttons should be hammered into discs 
with rounded edges, and be freed from slaig ; if too big for a cupel 
they may be sconfled together in a small scoidfier, but it is better 
to cupel them separately. 

Ores oontaining Metallic Oxides. — Peroxides of iron, 
manganese, and copper interfei*e by counteracting the effect of the 
charcoal or flour, and thus reducing the size of the lead button. 
Peroxide of iron will reduce the weight of lead by a little more than 
its own weight ; and peroxide of manganese has about twice this 
effect. When these oxides are present an additional quantity of 
flour must be used, and precautions must be taken to prevent re- 
oxidation of the slag by the furnace gases. This may best be pre- 
vented by using a layer of common salt as a cover to the charge. 
When the ores contain a good deal of quartz or stony matter, the 
fluxes just given (for average ores) will do ; but the proportion of 
soda should be diminished, and that of the borax, oxide of lead, and 
flour increased as the quantity of metallic oxides become greater. 
If the ore contains practically no quartz, the soda may be altogether 
omitted, and some glass or powdered quartz added. The following 
charge may be taken as an example : weigh up 20 grams of the 
powdered ore, 15 grams each of " soda" and borax, 60 grams of 
oxide of lead, and 5 grams of flour. Mix and place them in an E 
crucible, and cover with a layer of from a quarter to half an inch 
of common salt. Place in the furnace as before. The salt will 
give off a considerable amount of fume, which will, to a certain 
extent, conceal the state of the charge : when the crucible has been 
in the furnace for about 25 minutes remove it and pour out the 
contents immediately. With ores that produce a thick slag the 
addition of 5 grams of fluor spar will be an advantage. It may 
happen that with an unknown ore the first assay will be more or 
less unsatisfactory : but from it the necessity for adding more or 
less flour will be learnt, and a second assay, with the necessarj" 
modification of the charge, should give a good result. 

Ores oontaining much Sulphides. — Ores of this class may 
be easily recognized, either by the appearance of the minerals they 
contain or by the odour of sulphurous oxide (SO,) which they 
evolve when roasted on a spatida. The sulphides most commonly 
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present, in addition to the sulphurized minerals of silver, are 
pyrites, galena, blende, and mispickel. When they are present in 
only a moderate amount, their effect is simply to increase the 
weight of the button of lead ; and this is easily counteracted by 
reducing the amount of flour, or by omitting it. When in larger 
amounts, they not only yield large buttons, but also render the 
metal sulphury, sometimes even giving a button of regulus instead 
of lead. This last evil may be remedied (i) by putting in a rod of 
iron as soon as the charge has fused, or (2) it may be counteracted 
by a proper addition of nitre, or (3) when the sulphides present 
are only those of iron or copper the sulphur may be removed by 
calcining, and the ore converted into one of the class containing 
metallic oxides. The calcination is effected as follows : — Weigh up 
20 grams of the powdered ore and place it in a wide-mouthed 
crucible sufficiently large to perfonn the subsequent melting down 
in. The roasting must be done at a gentle heat at fli'st, so as to 
avoid clotting : the mouth of the crucible should project consider- 
ably above the coke, and should slope foi-ward towards the worker. 
The charge must be occasionally stirred with the stin-er (^g. 10) 
so as to expose fresh surfaces to the action of the air, and to pre- 
vent adhesion to the sides of the crucible. The stirrer should not 
be removed till the calcination Ls finished. The tempei-ature 
should be raised at the end to a good red heat ; and (to ensure the 
decomposition of any sulphate that may be formed) the roasted 
ore should be rubbed up in a mortar with a pinch of anthracite, 
and again calcined. It is then mixed with fluxes as described, and 
fused in the same cinicible. 

The calcination of an ore is a work occupying a good deal of 
time, and, in most cases, it is better to i&ke advantage of the 
desulphui'izing power of red lead or nitre. Red lead by itself 
will do, but a large quantity of it will be required ; i part of a 
metallic sulphide needs from 20 to 50 parts of red lead to yield a 
button free from sulphur; whereas at most from 2 to 2 J parts of 
nitre are sufficient. There Ls sometimes an advantage in having 
a considerable excess of oxide of lead in the slag, but where there is 
no such reason, 2 parts of red lead to i of ore is enough. A charge 
which will do for most sulphides is the following : 20 grams of 
ore, 40 to 100 grames of red lead, 20 grams of " soda," 5 of borax, 
and sufficient nitre (or perhaps flour) to give a button of about 
25 grams of lead. How much this must be (if not already known) 
may be approximately determined by fusing 3 grams of the ore 
and 3 grams of " soda " in a small crucible (C) with 50 grams of 
litharge (not red lead) under a cover of salt, and weighing the re- 
sulting button of lead. Subtract 3 from the weight of lead obtained, 
and the difference multiplied by 1.3 will give the quantity in 
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grams of nitre required. If the button of lead weighs less than 

3 grams flour must be added. If this is not satisfactory repeat 
the assay, adding an extra gram of nitre for each 4 grams of lead 
in excess of that required, or i gram of flour for a 12-gram 
deficiency. 

In the method in which iron is used as a de-sulphurising agent, 
only as much oxide of lead should be added as will give a button 
of lead of the required size. Kather a large button of lead should 
be got, and the slag should be strongly alkaline ; if the ore does 
not already carry a large amount of sulphur some should be added. 
The fusion should be performed at a low temperature (similar to 
that for a galena assay), and should be left in the furnace for 
some time after it has become tranquil. Take 20 grams of the 
ore, 40 grams of "soda," 40 grams of oxide of lead, and 5 or 10 
grams of borax ; place this mixture in a crucible (with a rod of 
iron, as in the galena assay), cover, and fuse for about half an 
hour. Take out the rod, washing it in the slag, and, in a minute 
or two, pour. Clean and cupel the button of lead. 

General Bemarks on the Fusion. — Other things being equal, 
the smaller the quantity of the slag the better, provided there is 
sufficient to cover the metal. The presence of peroxides of the 
heavy metals is prejudicial, since they tend to increase the quantity 
of silver retained in the slag. It may be given as a general rule 
that when iron, copper, manganese, &c., are present, there is a more 
than ordinary need for cleaning the slags, and care must be taken 
to keep these metals in the state of lower oidde. 

In selecting the fluxes, it should be remembered that soda is 
the best for quartz, and borax for lime and metallic oxides. And 
that with ores almost free from gangue some quartz or glass 
should be added to protect the crucible. Two parts of soda are 
enough to flux i part of quartz ; whilst of borax, or oxide of lead, 

4 parts are barely sufficient. Oxide of lead has the advantage of 
being heavy and so does not occupy much space in the crucible ; 
on the other hand, if the melting down be performed too quickly, 
or if oxide of lead only is used, this high specific gravity is a dis- 
advantage, for the lighter earthy matter floats as a pasty mass on 
the more fluid oxide of lead, and thus escapes its action. 

When metallic sulphides are present in the ore, an excess of 
oxide of lead helps to keep the sulphur out of the button of metal. 
In addition to the oxide of lead required as a flux, some will be 
required to provide the lead in which the silver is to be collected. 
Oxide of lead, mixed with charcoal or flour, yields, when heated, 
a multitude of minute buttons of metal uniformly distributed 
through the mass of the charge ; as the charge melts down these 
run together and fall to the bottom ; this shower of lead collects 
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the silver more eEisily than a single button at the bottom of the 
crucible could do. Only that portion of the oxide of lead which 
remains in the slag can be considered as a flux ; very often the 
first indication of an excessive I'eduction of lead is the pastiness 
of the slag rendered thick by the withdrawal of the oxide of lead 
which would have kept it fluid. If, in an assay, it is found that 
5 parts of flux are not sufficient for i part of ore, the remedy lies 
in using a different flux i-ather than in taking a larger quantity. 

On the Reducing Effect of Charcoal, Flour, and Tartar, — The 
weight to be got from a given charge will depend (provided suflBl- 
<}ient oxide of lead is present) upon the proportion of the reducing 
agents in it. We have thought it well to illustrate this part of 
the subject by a series of experiments which the learner will do 
well to practise for himself before proceeding to the assay of 
actual ores. Take 80 grams of litharge and 20 grams of a mixture 
of borax and soda. Fuse three lots (i) with 1.5 gram of charcoal, 
(2) with 3 grams of flour, and (3) with 7.5 grams of tartar. 
Weigh the buttons of lead obtained, and divide each by the weight 
of reducing agent used. The results will differ somewhat with 
the dryness and quality of the flour used ; in one series of experi- 
ments they were as follows : — 

Oram. Grams. Gram. Grams. 

1.5 charcoal gave 34.0 lead .-. i charcoal = 22.6 lead, 

3.0 flour „ 33.5 „ .-. I flour = 11.2 

7.5 tartar „ 38.0 „ .*. i tartar = 5.0 „ 

The use of flour as a reducing agent has many advantages, and 
it is well to remember that i gram of flour reduces about 1 1 grams 
of lead; and that charcoal has twice, and tartar one-half, this 
reducing effect. 

On the Reducing Effect of Charcoal, rf'c, on Red Leo/d. — It is often 
easier to obtain red lead of good quality than it is litharge, and 
by a large number of assayers red lead is the form of oxide of 
lead always used. Red lead, however, contains an excess of 
oxygen which will use up some of the reducing agent before lead 
separates out. On making a series of experiments (similar to the 
last, but using 80 grams of red lead instead of the litharge) the 
results were, with the same quantities of the reducing agents : — 

With charcoal, 18 grams of lead. 
„ flour, 18 „ „ 
„ tartar, 22 „ „ 

Comparing these with the results with litharge, in the previous 
table it will be seen that the same quantity of reducing agent has 
in each case brought down 16 grams less of lead, so that a larger 
amount of the reducing ^gent must be added to get a button of 
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the same weight as that obtained with litharge. To get a button 
of a desired weight, say 22 grams, we must add i*educing agent 
sufficient to throw down 22 + 16 or 38 grams of lead, which would 
require 3.4 gi*ams of flour. If this amount of flour is fused 
with 80 grams of red lead, a button of lead weighing 22 grams 
will be formed, the other 16 grams being kept up by the oxygen 
of the red lead. 

If the quantity of red lead differs from 80 grams, this rule must 
be modified. With 40 grams of red lead, for example, we should 
add an excess of reducing agent sufficient to throw down 8 grams 
of lead instead of 16. Similarly, with 160 grams of red lead, we 
should add enough to throw down 32 grams. 

The following rule will enable one to calculate the weight of 
flour required to produce a button of lead of any desired weight 
from any given quantity of red lead. Each 5 grams of red lead 
present diminishes the weight of the lead by i gram. If then 
we divide Hie vmght of red lead in a diarge hy 5, and add this to 
the iveight of lead required, tJie sum divided hy 11 loill give the 
weight of flour which must he added. Using 80 grams of red lead 
and wanting a button of 20 grams, we should add 3.3 grams of 
flour. 

80 -T- 5 = 16 ; 16 + 20 ~ 36 ; 36 -=- II = 3.3 nearly. 

The following are some results obtained which will illustrate 
the rule : — 

Red Lead used. Flour used. Lead got. 

40 grams ... 3 grams ... 25.0 grams 

100 „ ... 3 „ ... 13.5 „ 

80 „ ... 4 »» ••• 30*0 " 

80 „ ... 5 „ ... 40.0 „ 

On the Reducing Effect of Metallic Sulphides, and the Counter- 
acting Effect of Nitre, — The sulphides found in ores will reduce 
a button of lead from oxide of lead just as flour does ; and, as 
charcoal, flour and tartar differ in their reducing power, so equal 
weights of the different mineral sulphides throw down different 
weights of lead. 

One gram of iron pyrites yields about 1 1 grams of lead. One 
gram of copper pyrites, blende, fahlerz, or mispickel, yields 7 or 
8 y,rams of lead, whilst i gram of antimonite will give 6, and 
I gram of galena only a little over 3 grams. It is evident that if 
an ore carries much of these sulphides, the quantity of lead re- 
duced will be very much larger than that required for an assay. 
To counteract this effect nitre is added ; i gram is added for eo/cJo 
4 grams of lead in excess of that required. For example : with a 
20-gram charge of an ore containing 50 per cent, of pyrites, if no 
nitre were added, no grams of lead would be got; or, if there 
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was not sufficient oxide of lead to yield this quantity of metal, the 
button would be sulphury. To reduce the weight of the button 
by 80 grammes, we should add 20 grams of nitre, if litharge were 
used; or if red lead were used, we should add 16 grams of nitre, 
since the oxidizing effect 0/20 granis of red lead is equivalent to that 
of I of nitre, and since 80 grams of red lead are generally used in a 
charge. Two assays of an ore of this kind with these quantities 
of nitre gave 26.0 grams of lead with litharge, and 22.5 gi'ams 
with red lead. 

It is best to use in these assays 80 grams of red lead, 20 of soda, 
and 5 of borax, with 20 grams of the ore. If the lead got by the 
preliminary fusion in a small crucible with litharge (described 
under " ores containing much svlphides^^) is known, the following 
table will indicate the quantity of nitre, or flour, to be added with 
this charge : — 



Lead >rot in Preliminary Fusion 


Flour to be added 


Nitre to be added 


witli 3 grams of Ore. 


to tbe Assay. 


to the Assay. 


0.0 gram 1 


3.3 grams 


none 


3.0 grams 


1.3 gram 


— 


6.0 ., 


none 


4.0 grams 


9.0 ., 


— 


9.0 „ 


12.0 „ 


— 


14.0 „ 


15.0 „ 


— 


19.0 ., 


18.0 .. 


— 


24.0 ,, 


21.0 ., 


— 


29.0 „ 



If litharge is used in the assay instead of red lead 4 grams more 
nitre, or 1.5 gram less flour must be used. When more than a 
few grams of nitre are added to a charge the proportion of "soda" 
and borax should be increased, because one of the products of the 
reaction of nitre upon sulphides in the presence of soda is sulphate 
of soda, and because the " soda " thus used up no longer serves as 
a flux ; more borax should be added, as it is the best flux for the 
metallic oxides which are formed in the process. If in an assay 
too large a button of lead is got, even after this calculation has 
been made, and the assay is repeated, add i gram more nitre for 
each 4 grams of lead in excess. Sometimes the assay appears 
tranquil before the nitre has produced its full effect ; in such cases 
it is well to seize the crucible with the tongs and mix its fused con- 
tents by rotating them ; if this causes an effervescence, the crucible 
should be replaced in the fire and the fusion continued. The fol- 
lowing experiments will illustrate the extent to which the above 
rules may be relied on. In all of them the standard flux was 
used, viz. : — 80 grams of red lead, 20 of soda, and 5 of borax. 
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Pyrites. . . 5 5 5 5 2.5 5 10 15 20 

Quartz . . . — 20 — 20 17.5 15 10 5 

Nitre ... — — 5 5 — 4 16 28.5 41 

Lead got . . 42.5 36.0 16.0 19.0 11. 5 22.5 22.5 26.5 27.5 

Copper Pyrites .8888 
Quartz . . . — 12 — 12 
Nitre ... — — 4 4 
Lead got . . 47.5 34.0 33.0 26.0 

Antimonite ..8888 

Quartz. . . — 12 — 12 

Nitre . . . — — 44 

Lead got . . 29.0 26.0 13-0 13.0 

Galena . . 10 10 10 10 15 20 

Quartz. . . — 15 — 15 5 — 

Nitre ... — — 3 3 3-57 

Lead got . . 17.0 19.0 8.0 8.0 18.5 18.5 



A similar set of experiments, with 80 grams of litharge instead 
of 80 grams of red lead, gave : — 

Pyrites, . . 4 4 4 4 7 10 

Quartz. . . — 15 — 15 13 10 

Nitre ... — — 5 5 12.5 20 

Lead got . . 46.5 40.5 25.5 24.5 27.0 26.5 

Copper Pyrites -5555 

Quartz. . . — 15 — 15 

Nitre ... — — 5 5 

Lead got . . 44.5 32.5 23.0 25.0 

Blende, . . 5 5 5 5 10 

Quartz. . . — 15 — 15 10 

Nitre ... — — 5 5 15 

Lead got . . 41.5 38.5 21.5 22.5 21.6 

Antimonite . . 5 5 5 5 10 

Quartz. . . — 15 — 15 10 

Nitre ... — — 5 5 10 

Lead got . . 31.0 32.5 11. 5 12.5 18.7 

Galena . . 10 10 10 10 15 20 

Quartz. . . — 15 — 15 5 — 

Nitre . . . — _ 5 5 7.5 11 

Lead got . . 33.5 33.5 13.0 14.0 19.5 22.7 
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The variation in some of these experiments, in which we might 
have expected similar results, is due to the fact that the sulphur, 
and in some cases the metals, are capable of two degrees of oxida- 
tion. For example : theoretically i gram of iron pyrites (FeS,) 
would yield 8.6 grams of lead if the sulphur were oxidised to sul- 
phurous oxide (SO J, and the iron to ferrous oxide (FeO) ; whilst 
if the sulphur were oxidised to sulphate (SO3), and the iron to 
ferric oxide, 12.9 grams of lead will be thrown down. Similarly 
the yield with copper pyrites would be 7.5 or 11.6 ; with blende, 
6.4 or 8.5 ; with antimonite, 5.5 or 8 ; and with galena, 2.6 or 
3.4. As regards the metals, the lower oxide will always be formed 
if the assay is carried out properly (fused under a cover, and with 
a sufficiency of reducing agent). But the proportion of sulphur 
oxidised completely will vary with the conditions of the assay. 
With a slag containing much soda the tendency will be to form 
sulphate, and, in consequence, a big reduction of lead ; whilst with 
an acid slag containing much quartz the tendency will be for the 
sulphur to go off as sulphurous oxide (SO J. In a fusion with 
litharge alone all the sulphur will be liberated as the lower oxide, 
whilst with much soda it will be wholly converted into sulphate. 
For example : 3 grams of an ore containing a good deal of pyrites 
and a little galena, gave, when fused with litharge, 16.5 grams of 
lead. A similar charge, containing in addition 20.0 grams of soda, 
gave 22.5 grams of lead. 

It will be noted from the experiments that i gram of nitre kept 
up on the average 4 grams of lead ; the range being from 3.2 with 
acid slags to 5.3 with very basic ones. These facts serve to ex- 
plain some apparently irregular results got in practice. 

CUPELLATION. 

The process is as follows : — The cupels, which should have been 
made some time before and stored in a dry place, are first cleaned 
by gentle rubbing with the finger and blowing off the loose dust ; 
and then placed in a hot muffle and heated to redness for from 5 
to 10 minutes before the alloy to be cupelled is placed on them. 
The reasons for this are sufficiently obvious : the sudden evolution 
of much steam will blow a cupel to pieces ; and, if the whole of 
the water has not been removed before the cupel is filled with 
molten lead, the escaping steam will bubble through, and scatter 
about particles of the metal. If some particles of unburn t carbon 
remain in the bone ash, a similar result will be produced by the 
escape of bubbles of carbonic acid as soon as the fused litharge 
comes in contact with them. The cupels having been prepared 
are arranged in a definite order in the muffle, and the assay but 
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tons are arranged in a corresponding order on some suitable tray 
(cupel tray, fig. 41); the heat of the muffle being at bright redness. 
Then with the help of the tongs (fig. 42) 
the assay buttons should be placed each ^ i s ^ v n, 

in its proper cupel ; a note having been C^^|' j^~~nn . '>^^,^'^>^^ 
previously made of the position it is to % —J 

occupy, and the door of the muffle closed. Fiq. 41. 

This part of the work should be done 
promptly, so as not to unduly cool the muffle : the start requires 
a fairly high temperature, and is a critical part of the process. A 

black crust 

forms at once ^ ■'^" iiniflilf .JB 

on the sur- ^ 

face of the 

lead ; but this ought soon to fuse and flow in greasy drops from 
off the face of the metal, so as to leave the latter fluid with a 
well-defined outline, and much brighter than the cupel. If this 
clearing does not take place, the buttons are said to be frozen ; in 
which case the temperature must be raised, some pieces of char- 
coal put in the muffle, and the door closed. If they still do not 
clear, the heat must have been much too low, and it is best to 
reject them and repeat the assays. 

When the buttons have cleared it is well to check the draught 
of the furnace, and to partly open the door of the muffle, 
so as to work at as low a temperature as is compatible with 
the continuation of the process.* Too low a temperature is indi- 
cated by the freezing of the buttons and the consequent spoiling 
of the assays. Experience soon enables one to judge when the 
heat is getting too low. A commoner error is to have the heat 
too high : it should be remembered that that which was high 
enough to clear the buttons at starting is more than sufficient to 
keep the process going. At the finish a higher temperature is 
again required : therefore the door of the muffle should be closed 
and the furnace urged. The finish is easily recognised. The 
drops of litharge which in the earlier stages flow steadily from 
the surface of the alloy, thin off later to a luminous film. At 
the end this film appears in commotion, then presents a brilliant 
play of colours, and, with a sudden extinction, the operation is 
finished. The metsd again glows for an instant whilst becoming 
solid. 

If the button is a small one the cupel is withdrawn at once 
and placed on that square of the cupel tray which corresponds to 

* With buttons poor in silver the lowering of the temperature at this 
fitage is not a naatter of importance. 
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the position it occupied in the muffle. If, however, it is fairly- 
large precautions must be taken to prevent spurting. 

Molten silver dissolves oxygen from the air and gives it off on 
solidifying ; the escape of the gas on sudden cooling is violent 
and, by throwing off particles of the metal, may cause loss. This 
is called " vegetation " or ** spurting." The silver is apparently- 
solid when spurting takes place, the crust breaks suddenly and 
some of the metal is forced out. The evil is best guarded against 
by slow cooling and avoiding draughts. With large buttons of 
sUver precautions should never be omitted. One plan is to allow 
the cupels to cool in the muffle itself, the mouth being closed 
with hot charcoal. Another is to cover the cupel with another 
cupel previously heated to redness ; in this case the silver cools 
between two hot cupels, and, of course, cools slowly. A third 
plan is to withdraw the cupel to the door of the muffle, holding 
it until it begins to get solid and then immediately to put it 
back into the hotter part of the muffle. 

Silver remains after cupellation in flattened elliptical buttons, 
adhering but only slightly to the cupel. Its upper surface 
should show faint markings as if it were crystalline. The pre- 
sence of platinum renders it still more crystalline, but removes 
the chiaracteristic lustre and renders the metal dull and grey. 
Copper, if not completely removed, has a very marked effect on 
the appearance of the button : the metal is spread out, damping, 
as it were, and firmly adhering to the cupel, which latter in the 
neighbourhood of the metal is almost black with oxide of copper. 
Sometimes the silver button is globular, or even more sharply- 
rounded on its under than on its upper surface ; it is said 'that 
this is due to the presence of lead. Gold may be present even to 
the extent of 50 per cent, without showing any yellow colour. 

The appearance of the cupel affords some useful information. 
The presence of cracks evidently duo to shrinkage indicates a 
badly made cupel. If, however, they are accompanied by su 
peculiar unfolding of the cupel, the margin losing its distinct- 
ness, it is because of the presence of antimony. When lead is- 
the only easily oxidisable metal present, the stained portion of 
cupel is yellow when cold. A greenish tint may be due to small 
quantities of copper or, perhaps, nickel, cobalt, or platinum. 
Larger quantities of copper give a greenish grey or almost black 
colour. A dark green and corroded cupel may be due to iron. 
Rings of pale-coloured scoria may be due to tin, zinc, antimony,. 
or arsenic. When the cupel shows signs of the presence of these 
metals in objectionable quantity, it is well to repeat the assay 
and scorify so as to remove them before cupellation. 

The button should be detached from the cold cupel by seizing 
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with a pair of pliers : the under surface should be distorted by 
squeezing or hammering the button, so as to loosen the adhering 
bone ash. The cleaning is easily completed by rubbing with a 
clean hard brush. After cleaning the buttons are best put on a 
tray of marked watch-glasses, and then taken to the balance and 
weighed. The weight of silver got needs a small correction; 
(i) by deducting for the amount of silver introduced by the 
lead or oxide of lead used in the assay ; ''^ and (2) by adding for 
the cupellation loss. 

Loss in Cupellation. — During the whole process of cupelling 
a silver lead alloy a more or less abundant fume may be observed 
rising from the cupel. This furnishes an evident loss of lead and 
a possible loss of silver ; for although silver at the temperature of 
cupellation gives off no appreciable vapour, it is known that such 
fume formed on a large scale contains silver. It is, however, 
diificult to believe that the small amount of lead vapourised 
carries with it a weigh able amount of silver. That it does not 
do so in the ordinary way of working is shown by the fact that a 
button of silver equal in weight to the silver lost in cupelling 
may be got by smelting the cupel and cupelling the resulting 
button of lead. The loss of silver by volatilisation is altogether 
inconsiderable, unless the temperature at which the operation is 
performed is much too high. 

Another possible source of loss is the infiltration of small 
particles of alloy into the cupel. The cupel is necessarily porous, 
and particles of metal may perhaps drain into it, more especially 
if the bone ash is not in fine powder ; but if this is the main 
source of loss it is hard to see why, in cupelling equal weights of 
silver and gold, the loss is not equal in each case. It is not easy 
to believe that the mere filtration of the fused alloy will effect 
such a change in the proportion of the metals as that which . 
actually occurs. For example : a cupel on which an alloy con- 
sisting of 0.80 gram of silver, 0.47 gram of gold, and 25 grams of 
lead had been cupelled, was found to contain 7^ milligrams of 
silver, and rather less than half a milligram of gold. Assuming, 
for the sake of argument, that the gold present had filtered into 
the cupel in the form of small drops of alloy, it would have been 
accompanied by less than a milligram of silver, and the presence 
of the extra 6 or 7 milligrams of silver must have been due to a 
different cause. There can, thus, be little doubt that the cause 
of the greater part of the " cupellation loss " is a chemical one and 
cannot be counteracted by a mechanical contrivance.f In cupel- 

* 100 grams of the lead, or of its oxide, will contain from 1.5 to 2.5 
milligrams. 
. t btill the precautions of having cupels well made from bone ash in fine 
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lation, then, there is a loss, apart from imperfect working, in- 
herent in the process itself ; and as the amount of this loss varies 
under different conditions, it is necessary to study it somewhat 
in detail. 

The following experiments are taken without selection from 
the work of one student. Three experiments were made for each 
determination, and the mean result is given. By " range " is 
meant the difference between the highest and lowest result and 
the percentage loss is calculated on tlie silver present. The silver 
added in the lead used has been deducted. 

EfTeot of Varying Lead. — In each experiment 0.4 gram of 
silver was taken and cupelled with the lead. The silver loss and 
** range " is expressed in milligrams. 



Lead Used. 


Silver Lost. 


Range. 


Percentage Loss. 


Grams. 








10 


6.5 


1.0 


1.62 


20 


7.0 


1.0 


1.75 


40 


12.0 


i.S 


3.00 


60 


12.7 


0.5 


3.17 



The loss increases with the lead used. 

EfTeot of Varying Temperature. — 0.4 gram of silver were 
cupelled with 20 grams of lead. 



Temperature. 


Silver Loat. 


Bange. 


Percentage Loaa. 


Bright red 
Clear yellow 


. 7.0 
. 17.3 


1.0 
1.7 


I.7S 
4.32 



The difference in temperature in these experiments was much 
greater than would occur even with careless work. 

Effect of Varying Silver. — 20 grams of lead were used in each 
cupellation. 



1 Silver Taken. 


1 Silver Lost. 


Bange. 


Percentage Loss. 


Milllgrama. 


1 






12.5 


0.7 


0.2 


5.6 


25.0 


1 1-4 


0.1 


5.6 


50.0 


1.6 


0.4 


3.2 


100. 


! 2-9 


0.3 


^•2 


200.0 


5.6 


0.5 


2.8 


400.0 


7.0 


1.0 


1.7 


800.0 


9-7 


1 ■•° 


1.2 



It wiU be seen that, although the quantity of silver lost in- 

powder, and of working the cupellation at as low a temperature as possible 
are very proper ones, provided they are not carried to an absurd excess. 
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creases with the silver present, the percentage loss is greater on 
the smaller buttons. 

The following results are often quoted : — Cupelling i grain of 
silver with 10 grains of lead, the loss was 1.22 percent. ; 10 grains 
of silver with 100 grains of lead, loss 1.13 per cent. ; 25 grains of 
silver cup ailed with 250 grains of lead, lost 1.07 per cent. The 
proportion of silver to lead was the same in the three experiments, 
and the largest button gave the best result. Evidently, if the 
quantities of lead had been the same in the three experiments 
(say, 250 grains in each case), the loss on the smaller quantities 
of silver would appear worse in the comparison. 

In judging these results, it must be borne in mind that it is 
difficult to regulate the temperature, <fec., in consecutive experi- 
ments so as to get exactly similar results, so that the range in 
consecutive cupellations is greater than that in a batch cupelled 
side by side. 

Effect of Copper and Antimony. — o.i gram of silver was 
cupelled with 20 grams of lead, and to one batch 0.5 gram of 
antimony, and to another 0.5 gram of copper was added. 

silver Lost. Bange. PercSitfe. 

Without addition . .2.9 ... 0.3 ... 2.9 

With antimony . . -3.2 ... 0.2 ... 3.2 

With copper ' , . .4.9 .. 1.7 .. 4-9 

Perhaps the antimony has so small an effect because it is 
eliminated in the earlier part of the process, while the silver is 
still alloyed with, and protected by, a large proportion of lead ; 
whilst the copper on the other hand makes its fiercest attack 
towards the close, when the silver is least capable of resisting it. 
The ill effects of copper are most strongly felt when the quantity 
of lead present is not sufficient to remove it : the coppery button 
of silver got under these conditions is very considerably less than 
the weight of silver originally taken. 

Although the above is a fair statement of the loss attending 
average work, it will -not do in very important and exact work to 
place too much reliance on the figures given, or, indeed, on any 
other set of figures, with the object of correcting the result of an 
assay. Each man must rely on his own work. 

It is easy to determine what allowance must be made for the 
loss in cupellation by cupelling side by side with the assay piece 
an alloy of similar and knovm composition. For, if the two pieces 
are very nearly alike, we may justly conclude that the losi^ on each 
will be the same ; and if, further, we take the average of three or 
four such determinations we shall get results accurate within o.i 
per cent. The method of getting such results may be best ex- 
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plained by one or two illustrations. This method of working is 
termed " assaying by checks." 

Suppose we have an alloy of silver and lead in unknown propor- 
tions and that by cupelling two lots of lo grams each there is got 
from I. -0.1226 gram of silver, and from II. -0.1229 gram. 
We should know from general experience that the actual quantity 
of silver present was from 2 to 4 milligrams more than this. To 
determine more exactly what the loss is, the following plan is re- 
commended : — ^The two silver buttons are wrapped up each in 10 
grams of lead, and cupelled side by side with two other lots of 10 
grams of the original alloy. If now the two buttons I. and II. 
weigh 0.1202 and 0.1203, they will have suffered in this second 
cupellation an average loss of 2.5 milligrams. Suppose the two 
fresh lots of alloy gave 0.1233 and 0.1235 ^^ silver, the average 
loss on these would also be 2.5 milligrams. Add this loss to each 
result, and take the mean ; which is in this case 0,1259. 

If copper is present in the alloy as well as silver, it is necessary 
to add about the same quantity of copper to the checks as is sup- 
posed, or known, to be present in the assays. If the substance to 
be assayed is an alloy of silver and copper, first cupel 0.5 gram of 
it, with, say, 10 grams of lead, and weigh the resulting button of 
silver, in order to get an approximate knowledge of its composi- 
tion. Suppose the button weighs 0.3935 gram. We know that 
this is below the truth : for the sake of round numbers take it as 
0.4, and assume that the rest of the alloy (o.i gram) was copper. 
Two check pieces are then weighed out, each containing 0.4 gram 
silver and o.i gram of copper wrapped in 5 grams of lead. Of 
course the silver must be pure. And there is also weighed out two 
(or better, four) assay pieces each containing half a gram of the 
alloy wrapped in 5 grams of lead. The whole lot are then 
cupelled as nearly as possible under the same conditions. With 
four assay pieces, the cupels should be placed close together in two 
rows of three across the muffle ; the two check pieces are put in 
the middle cupels. Suppose the buttons of silver got weighed as 
follows : — 

Check pieces I. 0.3940 II. 0.3945 

Assay pieces I. 0.3905 II. 0.3912 

III. 0.3910 IV. 0.3909 

The average loss on the two check pieces is 5.7 milligrams, and 
the average result of the four assay pieces is 0.3909. Add the 
average loss to the average result, and there is got the corrected 
result, 0.3966. And if 0.5 gram of alloy contain 0.3966 of silver, 
1000 will contain 793.2 of silver, and this is the degree of fineness. 
A correction for the loss in cupellation is always made in this 
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way when rich alloys are being assayed ; and in the case of rich 
ores it may be done after the manner of the first of the above 
illustrations. There is another method of working wliich relies 
more on experiment. This is to smelt the cupel as described 
further on, and to again cupel the resulting button of lead. The 
button of silver got in this second cupellation is added to that 
first obtained. It will sometimes, but not of tec, happen that 
the two buttons together will slightly exceed in weight the 
silver which was actually present. This is because of the retention 
in the buttons of a small quantity of lead. It has been stated 
that the proportion of lead thus retained may be as much as i % 
of the silver present ; this, however, can only be under exceptional 
conditions. A determination of the actual silver in the buttons 
got in the series of cupellations quoted on pages 102, 103, gave 
an average percentage of 99.85, so that even with the larger 
buttons the effect of the retained lead would be only to increase 
the weight by about i milligram. In the method of working 
with checks, the retained lead has no disturbing influence. 

The proportion of lead required for the cupellation of any 
particular alloy requires consideration. With too much lead the 
time occupied in the process is increased, and so is the loss of 
silver ; on the other hand, too little lead is of greater disadvantage 
than too much. From 8 to 16 parts of lead are required for esuch 
part of silver alloy, or, if gold is present, about twice as much as 
this must be used. For the cupellation of i gram of a silver 
copper alloy containing different percentages of copper, the follow- 
ing quantities of lead should be used : — 

^^'^ttloy.^'*'^^' Lead Required. 

5 ... ... ... 6 grams 

10 ... ... ... 8 

20 ... ... ... 10 

30 ... ... ... 12 

40 ... ... ... 14 

50-100 ... ... ... 16-18 

The alloy, in not too large pieces, is wrapped in the required 
weight of lead foil and charged into the cupel at once ; or the 
lead may be put in first, and, when the cupellation has fairly 
started, the alloy may be added wrapped in tissue paper ; or a 
portion of the lead may be first started and the alloy wrapped 
in the i*emaining lead and subsequently added. The cupellation 
of large quantities of alloy or of alloys which contain tin, anti- 
mony, iron, or any substance which produces a scoria, or cor- 
rodes the cupel, must be preceded by a scorification. The 
advantages of this are that the slag is poorer in precious metal 
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than that tound on a cupel and is more easily collected and 
cleaned ; that larger quantities of metal can be treated, and that, 
even if the substance is in part infusible, or produces at the start 
a clinkery mass or scoria, the oxide of lead gradually accumu- 
lates, fluxes the solid matters, and produces a good final result ; 
but if the oxide of lead by itself is not sufficient for the purpose, 
borax or some other flux can be easily added. 

If the button of silver got is very small its weight may be 
estimated from its size ; but it must be remembered that the 
weight varies as the cube of the diameter. If one button has 
twice the diameter of another it is eight times as heavy and so 
on. Scales specially constructed for measuring silver and gold 
buttons may be purchased ; a micrometer scale such as is used on 
the stage of a microscope will, with the help of a lens, answer 
the same purpose. 

If the length of the long diameter of a silver button be taken 
the following table will give the corresponding weight in milli- 
grams : — 



Diaireter. 


Weight. 1 


Diameter. 1 


Weight. 


0.04 inch 


3.6 


0.015 ^ 


inch 


0.19 


0.035 „ 


2.4 


0.014 


»♦ 


0.15 


0.03 „ 


1.5 


0.0C3 




0.12 


0.025 „ 


0.9 


0.012 




0.097 


0.02 „ 


0.45 


0.01 1 




0.075 


0.019 » 


0.4 


0.010 




0.056 


0.018 „ 


0.33 


0.008 




0.028 


0.017 „ 


0.27 1 


0.006 




0.012 


. 0.016 „ 


0.23 


0.004 


" i 


0.004 



These figures are based on those given by Plattner, and apply 
only to buttons of such shape as those left after cupellation. 
The weight of a corresponding button of gold is got by multiply- 
ing by 2.25. 

After fusing in a boracic acid bead, dissolving out with hot 
water, and measuring, the weight of a button of silver of 
0.0 1 inch is 0.09 milligram and the corresponding weight of gold 
is 0.167 milligram. 

A button should not be measured if it can be weighed ; and it 
is best in most cases, where the button is very small, to start 
afresh on a larger quantity of material, or, when this is difficult, 
to make 3 or 4 assays and to combine their results. 

Caloiilation of the Besults.— After deducting for the 
silver added, and coirecting for the cupellation loss, the calcula- 
tion is made in the usual way ; reporting as so many parts per 
thousand in the case of rich alloys and as so many ounces and 
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pennyweights, or better as ounces and decimals of an ounce, in 
the case of poor alloys and ores. 

In this last case, however, it is less fatiguing to refer to a set 
of tables which give, either directly or by means of simple addi- 
tion, the produce corresponding to any weight obtained from 
certain given weights of the substance. The following table 
gives the produce in ounces and decimals of an ounce per ton of 
2240 pounds : — 



Weifrbt of 
Metal got. 




Weigh 
5 granii. 


tofOreUken. 
sograroi. 






3 grams. 


50 grains. 
0.06 


zoo grams. 


0.0001 


1.09 


0.65 


0.16 


0.03 


0.0002 


2.18 


I.31 


0.33 


0.13 


0.06 


0.0003 


3.27 


1.96 


0.49 


0.20 


0.10 


0.0004 


4.36 


2.6l 


0.65 


0.26 


0.13 


0.0005 


5.44 


3.27 


0.82 


0.33 


o.i6 


0.0006 


6.53 


3.92 


0.98 


0.39 


0.19 


0.0007 


7.62 


4.57 


1. 14 


0.46 


0.23 


0.0008 


8.71 


5.23 


I.31 


0.52 


0.26 


0.0009 


9.80 


5.88 


1.47 


0.58 


0.29 


O.OOI 


10.89 


6.53 


1.63 


0.65 


0.33 


0.002 


21.78 


13.07 


3.27 


I.31 


0.65 
0.98 


0.003 


32.67 


19.60 


4.90 


1.96 


0.004 


43.56 


26.13 


6.53 


2.6l 


1.31 


0.005 


54.44 


32.67 


8.17 


3.27 


1.63 


0.006 


65.33 


39.20 


9. So 


3.92 


1.96 


0.007 


76.22 


45.73 


11.43 


4.57 


2.29 


0.008 


87.11 


52.27 


13.07 


5;3 


2.61 


C.C09 


98.00 


58.80 


14.70 


5.80 


2.94 


O.OI 


108.89 


65.33 


16.33 


6.53 


3.27 


0.02 


217.78 


130.67 


32.67 


13.07 


6.53 


0.03 


326.67 


196.00 


49.00 


19.60 


9.80 


0.04 


435.56 


261.33 


65.33 


26.13 


13.07 


0.05 


544.44 


326.67 


81.67 


32.67 


16.33 


0.06 


653.33 


392.00 


98.00 


39.20 


19.60 


0.07 


762.22 


457.33 


IH.33 


45.73 


22.87 


0.08 


871. II 


5"-^7 


130.67 


52.27 


26.13 


0.09 


980.00 


588.00 


147.00 


58.00 


29.40 


- 0.1 


1088.89 


653.33 


163.33 


65.33 


32.67 


0.2 


2177.78 


1306.67 


326.67 


130.67 


65.33 


03 


3266.67 


1960.00 


490.00 


196.00 


98.00 


0.4 


4355.56 


2613.33 


653.33 


261.33 


130.67 


0.5 


5444.44 


3266.67 


816.67 


326.67 


163.33 


0.6 


6533.33 


3920.00 


980.00 


392.00 


196.00 


0.7 


7622.22 


4573.33 


"43-33 


457.33 


228.67 


a8 


8711.11 


5226.67 


1306.67 


522.67 


261.33 


0.9 


9800.00 


5880.00 


1470.00 


588.00 


294.00 


I.O 


10888.89 ' 


6533.00 


1633.33 


653.33 


326.67 



When, as in this table, the fraction of an ounce is expressed by 
two places of decimals, it may be reduced to pennyweights (dwts.) 
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by dividiDg by 5. For example, 0.40 of an ounce is 8 dwts. The 
fraction of a dwt. similarly expressed may be converted into 
grains with sufficient exactness by dividing by 4. Thus, i .63 ozs. 
equal i oz. 12.60 dwts., or i oz. 12 dwts. 15 grains. In England 
it is usual to report in ounces and decimals of an ounce. 

The way to use the table is best shown by an example. Sup- 
pose a button of silver weighing 0.0435 gram was obtained from 
20 grams of ore. Look down the 20-gram column of the table, 
and select the values corresponding to each figure of the weight, 
thus : — 

0.04 = 65.33 ozs. to the ton 

0.003 = 4-90 

0.C005 = 0.82 „ 

0-0435 = . 71-05 

Add these together. The produce is 71.05 ozs., or 71 ozs. i dwt. 
to the ton. 

Or, suppose an ore is known to contain 1.24 per cent, of silver. 
Look down the loo-gram column, select the values, and add them 
together as before. 

i.o = 326.67 ozs. per ton 

0.2 = 65.33 

0.04 = 13.07 



1.24 = 40507 

This gives 405 ozs. i dwt. 10 grains to the ton. 

The calculation becomes more complicated when, as is fre- 
quently the case, the ore contains metallic particles. These show 
themselves by refusing to pass through the sieve when the ore is 
powdered. When they are present, a large portion, or if feasible 
the whole, of the sample is powdered and sifted. The weights of 
the sifted portion and of the '* metallics,'' or prills, are taken ; the 
sum of these weights gives that of the whole of the sample taken. 
It is very important that nothing be lost during the operation of 
powdering. 

Each portion has to be assayed separately. It is usual to assay 
a portion of the sifted sample, say, 20 or 50 grams, and to add to 
the produce of this its share of the " metallics." This way of 
calculating, which is more convenient than correct, is illustrated 
by the following example : — 

Weight of whole sample -• • • . 400 grams 

Made up of sifted portions .... 399 „ 
„ *' Metallics" . . • . i „ 

400 „ 
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Twenty grams of the sifted portion, when assayed, gave 0.1050 
gram of sUver. The whole of the "metallics" scorified and 
cupelled gave 0.842 gram of silver. Since the 20 grams assayed 
was I -20th of the whole, i-2oth part of the 0.842 gram of silver 
(from the metallics) must be added to its produce. We thus 
get 0.1471 gram (0.1050 + 0.0421). 

Beferring to the 20 gram column, we get — 

0.1 = 163.33 

0.04 = 65.33 

0.007 = "-43 

o.oooi = 0.16 



0.147 1 = 240.25 ounces per ton. 

A more legitimate method of calculation is as follows : — Calcu- 
late separately the produce of each fraction as if they w^ere from 
different ores. Multiply each produce (best stated in per cents.) 
by the weight of the corresponding fraction. Add together the 
products, and divide by the weight of the whole sample. Taking 
the same example for illustration, we have : — 

MetciUics. — ^Weight i gram. 

I gram of it yielded 0.842 grams of silver. 
•*. Produce = 84.2 per cent. 

Produce multiplied by the weight is still 84.2. 
Sifted Portion. — ^Weight 399 grams. 

20 grams of it yielded o. 105 gram of- silver. 
.'. Produce = 0.525 per cent. 

Produce multiplied by weight (0.525 x 399) is 209.476. 
Add together ; and divide by 400, the weight of the whole sample — 

84.2 
209-475 

400)293.675(0.7342 
0.7342 is the total produce of the ore in per cents. 

Referring to the loo-gram column in the table we find 239.84 ounces to 
the ton as the produce. 

0.7 = 228.67 

0.03 = 9.80 
0.004 = I- 31 
0.0002 = 0.06 



239.84 



Comparing this with the result calculated by the first method — 
viz., 240.26, we see that that was 0.38 oz., or between 7 and 8 
dwts. too high. 

With ores containing " metallics " it is of great importance to 
powder the whole of the selected sample without loss during the 
process ; and of even greater importance to well mix the sifted 
portion, of which the last portions to come through the sieve are 
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apt to be more than ordinarily rich through the grinding down of 
some portions of the metallic prills. 

Remarks on Cupellation. — Cupellation is at once the neatest 
and the most important of the dry methods of assaying. Its 
purpose is to remove easily oxidisable metals, such as lead and 
copper, from silver and gold, which are oxidisable with difficulty. 
Metals of the first class are often spoken of as base^ and gold and 
silver as noble metals. 

When lead is exposed to the action of air at a temperature a 
little above redness, it combines with the oxygen of the air to form 
litharge, an oxide of lead, which at the temperature of its forma- 
tion is a liquid. Consequently, if the lead rests on a porous 
support, which allows the fused litharge to drain away as fast as 
it is formed, a fresh surface of the lead will be continually exposed 
to the action of the air, and the operation goes on until the whole 
of the lead has been removed. Silver or gold exposed to similar 
treatment does not oxidise, but retains its metallic condition ; so 
that an alloy of lead and silver similarly treated would yield its 
lead as oxide, which would sink into the support, while the silver 
would remain as a button of metal. 

The porous support, which is called a cupel (fig. 5), should 
absorb the slag (oxide of lead, etc.) just as a sponge absorbs 
water, but must be sufficiently fine-grained to be impervious to the 
molten metal. At first sight it appears difficult to filter, as it 
were, a fluid slag from a fluid metal ; but an ordinary filter-paper 
damped with oil will allow oils to run through and yet retain the 
water ; but damped with water it will allow water to run through 
and retain oils. Similarly, fused slags damp and filter through a 
cupel, but the molten metal not damping it withdraws itself into 
a button, which is retained. Although, of course, if the cupel is 
very coarse-grained the metal may sink into the hollows. 

Copper, antimony, tin, and most other metals, form powdery 
oxides, which are not of themselves easily fusible, and it is neces- 
sary when these are present to add some solvent or flux to render 
the oxide sufficiently fluid. Fortunately, oxide of lead is sufficient 
for the purpose ; hence, mixed oxides of copper and lead, provided 
the lead is present in proper proportion, form a fluid slag. In 
separating copper from silver or gold, advantage is taken of this 
fact ; for, although we cannot cupel an alloy of copper and silver, 
it is easy to cupel an alloy of copper, silver and lead. If, how- 
ever, the lead is not present in sufficient quantity, the whole of 
the copper will not be removed, and the button of silver, still re- 
taining copper, will be found embedded in a coating of black oxide 
of copper. Copper oxidises less easily than lead does ; and, con- 
sequently, the fdloy which is being cupelled becomes relatively 
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richer in copper as the operation proceeds. It is on this account 
that the ill-efiects of the copper make themselves felt at the close 
of the operation, and that the oxide of copper is found accumu- 
lated around the button of silver. Tin and antimony, on the 
other hand, are more easily oxidised ; and the tendency of their 
oxides to thicken the slag makes itself felt at the commencement : 
if the button of alloy once frees itself from the ring or crust of 
unfused oxide first formed, the cupellation proceeds quietly, and 
leaves a clean button of silver in the centre. But in either case 
the cupellation is imperfect, and should be repeated with a larger 
proportion of lead. An unfused and, consequently, unabsorbed 
slag tends to retain small buttons of alloy or metal, and thus cause 
serious loss. 

There is a principle underlying many of the phenomena of dry 
silver assaying which the student should endeavour to understand ; 
and which serves to emphasise and explain some facts which with- 
out an explanation may present difficulties. If a button of melted 
lead be covered with a layer of slag rich in oxide of lead, and a 
second metal be added, this other metal distributes itself between 
the metal and slag in proportions which depend mainly upon the 
ease with which it is oxidised, and to a large extent upon the 
relative quantities of material present. Easily oxidisable metals 
such as zinc, iron, antimony and tin, will go mainly into the slag, 
and, if the proportion of the slag is large, very little will go into 
the metal. On the other hand, with metals oxidisable with diffi- 
culty, such as silver, gold, and platinum, the reverse holds true; 
nearly the whole of the metals will go into the lead, and very little 
into the slag. If, however, the slag be very rich, say in antimony, 
the lead will contain antimony ; and, on the other hand, if the 
lead be very rich in silver, the slag will contain silver in apprecia- 
ble quantity. Copper, which is near lead in the facility with which 
it is oxidised, will serve for the purpose of a detailed example. 
The results of actual analyses of metal and slag formed in contact 
with each other are shown in the following table : — 



Percentage Compositiun of the Metal. 


Percentage Compo 

Lead. 

78.0 
80.0 
86.0 
90.0 


»tionoftheSIag. 


Lead. 

6.8 

20. 

28.0 

Ssio 


Copper. 

93-2 
80.0 
72.0 
68.0 
15.0 


Copper. 
21.4 
17.0 

6.7 
3.6 



It will be seen from this table that the slag is always much 
richer in lead and poorer in copper than the metal with which it 
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is in contact. The ratio of lead to copper in these five samples 
is: — 



In the Metal. In the Slav. 




14 ... I 


0.3 




4 .. 1 


0.2 




2.5 I 


0.16 




2 ... I 


0.08 




0.16 ... I 


0.04 



Assuming these figures to be correct, the following statement 
is approximately true. On oxidising an alloy of 10 grams of 
copper and 10 grams of lead, and pouring off the slag when 
3 grams of lead have gone into it, there will be a loss of (owing to 
the slag carrying it oS) about 0.2 gram of copper. On repeating 
the operation, the next 3 grams of lead will carry with them 
about 0.5 gram of copper ; and on again repeating, 3 grams of 
lead will remove 0.8 gram of copper. Finally, the last gram of 
lead will carry with it 0.3 gram of copper, and there will be left a 
button of copper weighing 8.3 grams. The slag will have carried 
off altogether 1.7 gram of copper, which is 17 per cent, of the 
metal originally present. 

With the more perfect exposure to the air, and quicker removal 
of the slag, which results from heating on a cupel, the loss would 
be heavier. Karsten got by actual experiment on cupelling copper 
and lead in equal proportions, a loss of 21.25 P^^ cent. 

Going back to the example : if the slag were collected and 
fused with a suitable reducing agent so as to convert, say, half of 
it into metal, that half would contain nearly the whole of the 
copper (such a reduction is called " cleaning the slag "). On re - 
oxidising this metal, another button of copper is formed which^ 
added to the first, would reduce the loss from 1 7 per cent, to, say^ 
7 or 8 per cent. And it is conceivable that by a series of similar 
operations, almost the whole of the 10 grams of copper originally 
taken might be recovered. In practice the problem is (as far as 
the copper is concerned) not how to save, but how most easily to 
remove it ; and since the removal of this metal is quicker from an 
alloy containing not too much lead, it is evident that two or three 
operations with small quantities of lead will be more effectual 
than a single treatment with a larger quantity. With those 
metals (tin, antimony, *tc.) which pass quickly into the slag, the 
contrary is true ; hence with these it is necessaiy to have enough 
lead present, so that the slag formed at the outset shall contain 
enough oxide of lead to make it fluid. As silver is so much less 
easily oxidised than copper, we should reasonably expect that the 
proportion of silver carried off in the oxide of lead would be con- 
siderably less than that of the copper indicated in the above 
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example. Indeed, there are one op two facts which tend to en- 
courage the hope that the operation may be conducted without 
any loss. If a piece of pure silver foil is exposed on a cupel to air 
at the usual temperature of cupellation, it undergoes very little 
change ; it does not even fuse ; it loses nothing in weight, and 
does not oxidize. In fact, even if oxide of silver were formed 
under these conditions, it could not continue to exist, for it is de- 
composed into silver and oxygen at a temperature considerably 
below redness. On the other hand, oxide of silver is not reduced 
to metal by heat alone, when mixed with an excess of oxide of 
lead ; while metallic silver is converted into oxide when heated 
with the higher oxides of lead, copper, and some other metals. 
That silver, and even gold (which is more difficult to oxidise than 
silver), may be carried off in tbe slag in this way, is in agreement 
with geneiul experience. If lo grams of silver are cupelled with 
ID grams of lead, there will be a loss of about 50 milligrams of 
silver, which is in round numbers i-3oth of the corresponding 
copper loss; with 10 grams of gold and 10 grams of lead, the loss 
wUlbe 4 or 5 milligrams, which is about i-i2th of the corre- 
sponding silver loss. 

Determination of Silver in Assay Lead. — Scorify 50 grams 
of the lead with 0.5 gram of powdered quartz or glass at not too 
high a temperature. When the eye has " closed in," pour j reject 
the slag, and cupel the button of lead. Kemove the cupel from 
the muffle immediately the operation is finished. Weigh, and 
make a prominent note of the result in the assay book, as so 
many milligrams of silver contained in 100 grams of lead. 

Determination of Silver in Bed Lead or Litharge. — 
Fuse 100 grams of the oxide with from 10 to 20 grams of borax ; 
and in the case of litharge with 2 grams, or with red lead 4 grams 
of flour. Cupel the lead, and weigh the button of silver. Note 
the result as in the last case. 

Determination of Silver in Argentiferous Lead. — Be 
careful in taking the sample, since with rich silver lead alloys the 
error from bad sampling may amount to several parts per cent. 
Cupel two lots of 20 grams each, and weigh the buttons of silver. 
Add to these the estimated cupel loss, and calculate the result. Or 
wrap each button of sUver in 20 grams of assay lead, and re-cupel 
side by side w^th two fresh lots of 20 grams each of the alloy. 
Calculate the loss incun-ed, and add on to the weight of the two 
fresh buttons got. 

Determination of Silver in Bullion. — ^The remarks made 
under the last heading as to the importance of correct sampling 
apply with equal force here. Make a preliminary assay by cupel- 
ling 0.1 gram of the alloy with i gram of assay lead ; (saJculate 

H 
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the percentage composition. Refer to the table on page 105 to 
find what weight of lead is required for cupelling i gram of alloy. 
Weigh out four lots of i gram each, and wrap them in the 
required quantity of lead. Make two check pieces by weighing 
up two lots of fine silver equal to that which you believe to be 

present in the assay pieces ; 
add copper to make up the 
weight to I gram, and wrap 
in the same quantity of lead 
as was used for the assays. 

Prepare six cupels and 

charge them in the annexed 

order (fig. 43), and cupel. 

Guard against spirting. 

Clean and weigh the buttons 

j,^^ of silver. Add the mean 

' ^' loss on the two check pieces 

to the mean weight of the four assay pieces ; this multiplied by 

1000 will give the degree of fineness. 

Determination of Silver in Copper. — The silver is best 
separated in the wet way before cupelling, but if the proportion 
is not too small, it can be found by cupellation. Weigh up 
3 grams of the metal, wrap in 30 grams of sheet lead, and cupel ; 
when the cupellation has proceeded for fifteen minutes, add 
20 grams more lead, and continue till finished. Weigh the button 
of alver. 

The cupellation loss will be five or six per cent, of the silver pre- 
sent. Determine it by powdering the saturated portion of the 
cupel and fusing in a large Cornish crucible with 30 grams each 
of soda and borax, 10 grams of fluor spar, and i| gram of char- 
coal. Cupel the resulting button of lead, and add 10 grams more 
of lead towards the close of the operation. Deduct the weight of 
silver contained in the lead used from the weight of the two 
buttons, and calculate to ounces to the ton. 

In an experiment in which 0.1975 gram of silver was present, 
the weight of the button from the first cupellation was 0.1867, 
and that of the button from the second, after correcting for the 
lead added, was o.oiio gram. 

Determination of Silver in Galena. By Pot Assay. — 
Mix 20 grams of the powdered ore with 30 grams of red lead, 
20 grams of soda, and 5 grams of borax, as also with from 7 to 
10 grams of nitre. Fuse and pour. Clean the slag if the ore 
is rich. Cupel the buttons of lead. Make the usual corrections 
and calculate in ounces to the ton. 

By Scorification, — Take. 10 grams of the ore, 30 grams of lead. 
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and 0.5 gram of borax. Scorify, clean the slag by adding anthra- 
cite after the " eye " has closed in : cupel the button of lead. 
Weigh the button of silver, make the necessary corrections, and 
calculate to ounces to the ton. 

The determination may also be made by cupelling the button 
of lead got in the dry lead assay. 

A sample of galena determined by the three methods gave the 
following results : — 

By pot assay . .7.18 ozs. per ton. 

„ scorification . .7.02 „ 

„ lead assay . . . 6.72 „ 

Determination of Silver in an Ore. By Pot Assay, — 
Take 20 grams of the powdered ore and mix with 30 grams of 
soda, 40 grams of red lead, and 5 grams of borax, as also with 
from 2 to 3 grams of flour. Fuse : pour. Clean the slag by 
fusing with 20 grams of red lead and two grams of flour. Cupel 
the buttons of lead ; weigh ; make the necessary corrections, ami 
calculate to ounces to the ton. 

By Scorijication. — Take 5 grams of the powdered ore, 50 grams 
of lead, and 0.5 gram of "soda '' or borax. Scorify. Clean the 
slag by fusing in a crucible as in the pot assay. Cupel, &jc. 

Examples. — By Pot Assay. — Ore taken 20 grams. 

Silver got. . . . 0.2893 gram 
Silver from slag . . 0.0060 „ 
Silver lost in cupellation . 0.0 100 „ 

0.3053 » 
Deduct silver in red lead . 0.0017 „ 



Silver in ore . . . 0.3036, „ = 495.9 ozs. per ton. 

By Scorijication. — Ore takt-n, 3 grams. 

Silver got .... 0.0425 gram 
Silver &om slag . . 0.0022 „ 
Silver lost in cupellation . 0.0020 „ 

0.0467 „ 
Deduct silver in lead . 0.0015 „ 



Silver in ore . . . 0.0452 „ = 492.2 ozs. per ton. 

Determination of Silver in Silver Precipitate. — This sub- 
stance contains, in addition to metallic silver and gold, sulphates 
of lead and lime ; oxides of zinc, copper, and iron ; and more or 
less organic matter. The sample as received is generally free 
from "water at 100° C"; and, since it rapidly absorbs water, 
care should be taken in weighing it. 
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Since it contains combined water it is not suited for scorify- 
ing ; therefore the determination of silver and gold (fine metal) 
is made by pot assay. Weigh up 5 grams of the precipitate, 
mix with 100 grams of litharge and i gram of charcoal. Melt 
in a crucible at a moderate heat and pour. Detach the slag, 
replace in the crucible, and, when fused, add a mixture of 
20 grams of litharge and i gram of charcoal. When the fusion 
is again tranquil, pour ; and cupel the two buttons of lead. 

In a sample worked in this manner the mean of four determi- 
nations gave 0.6819 gram of " fine metal " ; deducting i milligram 
for the silver contained in the oxide of lead, and adding 8 milli- 
grams for the cupellation loss, there is got 0.6889 gram or 
13.778 per cent of silver (and gold) in the sample. 

Determination of Silver in Burnt Ores. By Pot Assay. 
— Boasted cupriferous pyrites containing small quantities of gold 
and silver comes under this heading. The following mixture 
will give a fluid slag which is heavy and tough when cold : — 



Ore. 


Borax. 


Sand. 


Litharge. 


Charcoal 


100 


... 50 . 


.. 50 


100 


7 



Mix ; place in a large crucible ; cover with salt ; and melt down 
under cover. When fused drop in an iron rod for a few minutes, 
and about a couple of minutes after its withdrawal, pour the 
charge quickly into a large conical mould. The button of lead 
should weigh about 50 grams. Cupel and weigh the silver. The 
litharge may be replaced by red lead, in which case another 
gram of charcoal powder must be added. 

In our experience the results obtained by this method are about 
20 per cent, less than the actual content of the ore. The results 
of two assays, after deducting for the silver in the litharge used, 
were 3.9 and 4.1 milligrams j and a third assay, in which 5.4 milli- 
grams of silver had been added, gave 9.2, which, after deducting 
the added silver, leaves 3.8 milligrams. The average of the three 
results is 3.9 milligrams from the 100 grams of ore. 

Two lots of 100 grams of the same ore treated in the wet way 
gave 5.2 and 5.0 milligrams of silver. Burnt ores from Spanish 
pyrites carry about 0.005 per cent, of silver. 

WET METHODS. 

Silver is got into solution from its ores by attacking with 
nitric acid, but it is best, after dissolving, to cautiously add dilute 
hydrochloric acid, and to carefully avoid excess. If the quantity 
of silver is very small the solution is allowed to stand twenty-four 
hours, but, otherwise, it is warmed and filtered as soon as it clears. 
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Dry the residue and concentrate the silver in a button of lead 
by pot method or scorification, according to the amount of stony 
matter present. Cupel the lead, and the resulting button ^iU 
be free from all metals, except perhaps gold. It may be weighed ; 
or dissolved in nitric acid, and the silver determined gravi- 
metricaJly in the diluted and filtered solution. It is better to 
weigh the metal and afterwards to determine the gold in it, esti- 
mating the silver by difference. Silver alloys are dissolved in dilute 
nitric acid (free from chlorides), diluted, and filtered. The solu- 
tion is then ready for gravimetric determination. 

Sulphuretted hydix)gen precipitates silver (like copper), com- 
pletely, even from fairly acid solutions. 



GBAVIMETBIC DETERMINATION. 

Add dilute hydrochloric acid in small excess to the hot dilute 
solution, which must contain free nitric acid. Heat and stir 
until the solution clears. Decant through a small filter, and 
wash with hot water, acidulated at first with a little nitric acUl 
if bismuth is suspected to be present. Dry quickly, transfer as 
much as possible of the precipitate to a watchglassj burn and 
ignite the filter paper, treating the ash first with two drops of 
nitric acid and then with one of hydrochloric, and again diy. 
Add the rest of the silver chloride and heat slowly over a Bunsen 
burner until it begins to fuse. Cool and weigh. 

The precipitate is silver chloride (AgCl) and contains 75.27 per 
cent, of silver. The moist precipitate is heavy and curdy ; it is 
decomposed by direct sunlight, becoming violet under its influence. 
When heated it is yellowish ; and, since it is volatile at a high 
temperature, it must not, in drying, be heated above its fusing 
point. The fused chloride can be removed from the crucible 
(to which it adheres strongly) by digesting with dilute acid and 
zinc. 

For the determination of silver in nearly pure bullion the fol- 
lowing process is used: — Weigh up 1.5054 gram of the alloy. 
With this amount of alloy each 2 milligrams of silver chloride 
formed is equivalent to i degree of fineness, so that the weight of 
the silver chloride obtained (stated in milligrams and divided by 2) 
will give the degree of fineness. Transfer to a bottle (known as 
" bottles for the Indian mint assay ") and dissolve in 10 c.c. of 
dilute nitric acid, then make up with water to 200 c.c. and add 
3 c. c. of dilute hydrochloric acid. Allow to stand a few minutes 
and then shake. Fill the bottle completely with water, allow to 
settl e, and syphon off the clear liquid ; pour on more water, 
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shake gently to break up the lumps^ and again £01 the bottle 
with water. Invert over the mouth of the bottle a porous 
Wedgwood crucible, somewhat similar to those used in gold part- 
ing. Take firm hold of the crucible and bottle, and invert 
promptly so that the silver chloride may be collected in the 
crucible. Allow to stand a little while for the precipitate to 
settle, and then carefully remove the crucible under water.* 
Drain off most of the water and break up the silver chloride with 
the help of a well-rounded glass rod. This greatly facilitates the 
subsequent drying. Dry &rst on the water bath and then on the 
iron plate. Remove the dried silver chloride, by inverting the 
crucible, and weigh it. 

As an example, 3 determinations of silver in a coin carried out 
in this way gave : — 

(i^ 1.8500 gram AgOl = 925.0 fineness. 

(2) 1.8498 „ = 924.9 

(3) 1.8502 „ = 925.1 

Determination of Silver in Burnt Ores. — Take 100 grams 
of the ore and place in a large beaker of 2^ litres capacity, and 
cover with 375 c.c. of hydrochloric acid. Boil for half an hour 
until the oxides are dissolved and the residue looks like sand and 
pyrites ; then add 20 c.c. of nitric acid, and boil till free from 
nitrous fumes. Dilute to 2 litres with water, and pass a current 
of sulphuretted hydrogen till the iron is reduced, the copper 
and silver precipitated, and the liquor smells of the gas. This 
takes about one hour and a half. 

Filter off the precipitate (rejecting the solution) and wash with 
warm water. Dry and transfer to an evaporating dish, adding 
the ashes of the filter paper. Heat gently with a Bunsen burner 
until the sulphur bums, and then calcine until no more sul- 
phurous oidde comes off. When cold add 30 c.c. of nitric acid, 
boil and dilute to 100 c.c. Add i c.c. of very dilute hydrochloric 
acid (i to ioo),t stir well, and allow to stand overnight. 
Decant on to a Swedish filter paper, dry and calcine. 

Mix the ashes with 100 grams of litharge and i gram of 
charcoal, and fuse in a small crucible. Detach the button of lead 
and cupel Weigh and make the usual corrections. As an ex- 
ample, 100 grams of ore treated in this way gave 5.8 milligrams 
of silver; deducting 0.8 for the silver added in the oxide of lead 
leaves 5 milligrams obtained from the ore. Another experiment 
on 100 grams of the same ore to which 5 milligrams of silver had 

* Be careful to remove the crucible before taking the bottle out of the 
basin of water ; if this is not done the chloride may be washed out of it. 
t I CO. of tMs dilute acid will precipitate 8 or 9 milligrams of silver. 



SILVER. 119 

been added gave ii.o milligrams. Deduct 5.8 for the silver 
added ; this leaves 5.2 milli^^ms as the silver obtained from 
the ore. These give, as a mean result, 0.0051 per cent., or 
1.66 ounce per ton. 

Determination of Silver in Comxneroial Copper.-^For 
the method of doing this, with an example and experiment, see 
under the heading of Examination of GonvnMTcial Copper, 

VOLUMETRIC METHODS. 

There are two of these, one adapted for the determination of 
silver in alloys of approximately known composition, and the 
other of more general application. The first of these, generally 
known as " Gay-Lussac's " method is, as regards its working, 
perfect in principle ; but it requires a practicaUy constant quantity 
of silver, that is, one which varies by a few milligrams only in 
each determination. It is a confirmatory method rather than a 
determinative one. The other is known as "Volhard's," and 
resembles in principle and method an ordinary volumetric pro- 



Gay-Ijussac's method is based on the precipitation of silver 
from ajnitric acid solution by a solution of sodium chloride. The 
point at which the whole of the silver is precipitated being recog- 
nised by the standard solution ceasing to give a precipitate. The 
process depends for its success upon, (i) the ease which silver 
chloride separates out from the solution leaving it clear after 
shaking, and, (2), the cloudiness produced by the reaction of very 
small quantities of silver nitrate and sodium chloride. In work- 
ing, a quantity of the sodium chloride solution equal to i gram 
of silver is added at once to the assay ; and, when the solution 
has been rendered clear by shaking, the residual silver (which 
should not exceed a few milligrams) is estimated with the help of 
a weaker solution of sodium chloride. The success in working 
evidently depends upon the accuracy with which the first addi- 
tion of the salt solution is made. On this account the standard 
solution is run in from a special pipette capable of delivering a 
practically invariable volume of solution. It is not so important 
that this shall deliver exactly 100 c.c. as that in two consecutive 
deliveries the volume shall not differ by more than 0.05 c.c. 
The dilute salt solution is one-tenth of the strength of that first 
run in, and i c.c. of it is equivalent to i miUigram of silver. 
Ordinarily it is run in i c.c. at a time (and an ordinary burette 
may be used for this purpose), shaking between each addition 
until it ceases to give a precipitate. If many such additions have 
to be made the operation not only becomes tedious, but the solu- 
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tion also ceases to clear after shaking, so that it becomes impos- 
sible to determine the finishing point. 

If the assay contains less than one gram of silver the first 
addition of the dilute salt solution of course produces no precipi- 
tate. Five milligrams of silver in solution (5 c.c.) is then added, 
and the assay proceeded with in the usual way ; 5 milligrams of 
silver being deducted from the amount found. 

There is required for the assay a aixtudard solution of sodium 
chloride, which is prepared by dissolving 5.4162 grams of the salt 
(made by neutralizing carbonate of soda with hydrochloric add) 
in water and diluting to one litre. 100 c.c. of this is equivalent 
to I gram of silver. 

The weaker solution of salt is made by diluting 100 c.c. of the 
stronger one to one litre. One c.c. of this will equal i milligram 
of silver, or o.i c.c. of the stronger solution. 

A stcmdmrd solution of silver equivalent to the dilute salt 
solution is made by dissolving i gram of fine silver in 10 c.c. of 
dilute nitric acid, and diluting with water to one litre. 

The solution of salt is standardised as follows : — Weigh up 
1.003 gram of fine silver and dissolve in 25 c.c. of dilute nitric 
acid in a bottle provided with a well-fitting flat- 
headed stopper. Heat on the water bath to assist 
solution, resting the bottle in an inclined position. 
When dissolved blow out the nitrous fumes with the 
>s^ help of a glafis tube bent at right angles. Run in 

from a stoppered pipette (as shown in fig. 44) 100 c.c. 
of the standard salt solution, and shake vigorously 
until the solution clears. Mil an ordinary burette 
with the weaker standard salt solution, and run i c.c. 
into the assay bottle, letting it run down the side so 
that it forms a layer resting on the assay solution. 
If any silver remains in solution a cloudy layer will 
be formed at the junction where the two liquids, 
meet. This is best observed against a black back- 
FiG. 44. ground. If a cloudiness is seen, shake, to clear the 
liquid^ and run in another c.c. of salt, and continue 
this until a cloudiness is no longer visible. Deduct 1.5 c.c. from 
the amount of the weaker sodium chloride solution run in. 
Divide the corrected reading by 10, and add to the 100 c.c. 
This will give the volume of strong salt solution equivalent to 
the silver taken. 

If the first addition of the weaker salt solution causes no 
cloudiness add 5 c.c. of the silver solution from an ordinary 
pipette, shake, and then run in the weaker salt solution, working 
as before. These 5 milligrams of silver added must be allowed 



SILVER I 2 I 

for before calculating. As an example : — i.oioo gram of fine 
silver was taken for standardising a solution and 4 c.c. of the 
weaker salt solution were run in. Deducting 1.5 and dividing 
by ID gives 0.25 c.c. to be added to the 100 c.c. 
100.25 : I.OIOO : : 100 : x 
X = 1.0072 
which is the standard of the salt solution. 

The method of working an assay may be gathered from the fol- 
lowing example : — In the determination of silver in some buttons 
left after cupellation, it was assumed that these would contain 
99.5 per cent, of silver. For the assay it was necessary to take a 
quantity that should contain a little more than 1.0072 grams of 
silver ; then 

99.5 : 100 : : 1.0072 : x 
X = 1.0120 

To ensure a slight excess, there was taken 1.0150 gram of the 
buttons, which were treated in exactly the same way as for the 
standardising. The quantity of the weaker salt solution required 
was 7 C.C. ; deducting 1.5 cc, and dividing by 10, gives 100.55 c-®* 
of strong salt solution, which is equivalent to 1.01274 gram of 
silver. This being obtained from 1.015 gram of alloy, is equal 
to 99.78 per cent., or 997.8 fine. 

The Effect of Temperature, — The standardising and the 
assay must be done at the same time, since a difference of 5° 0. 
makes a difference of o.i cc. in measuring the 100 c.c. of strong 
solution of salt. It is always best to prepare a standard with each 
batch of assays. 

SUIjPHOCYANATE METHOD. — Volhard's process is 
based upon the precipitation of silver in nitric acid solutions 
with potassium sulphocyanate, the finishing point being the 
development of a reddish-brown colour, produced by the action 
of the excess of sulphocyanate upon ferric sulphate. The white 
sulphocyanate settles readily, leaving the liquor clear; and a 
persistent brown coloration in the liquid indicates the finish. 
The assay must be carried out in the cold ; and water free from 
chlorides* must be used. 

The standard sulphocyanate of potassium solution is made 
by dissolving 4^ or 5 grams of the salt (KCyS) in water, and 
diluting to I litre. 100 c.c. are about equivalent to 0.5 gram of 
silver. 

* Chlorides interfere not merely by removing silver as insoluble silver 
chloride, but also by making it difficult to get a good finishing point, 
owing to the silver chloride removing the colour from the reddened 
solution. 



122 TEXT-BOOK OF ASSAYING. 

The standard silver nitrate soltttion is made by dissolving 5 grams 
of fine silver in 50 c.c. of dilute nitric acid, boiling off nitrous 
fumes, and diluting to i litre. 

The indicator is a saturated solution of iron alum, or a solution 
of ferric sulphate of equivalent strength made by titrating acid 
ferrous sulphate with potassium permanganate. Use 2 c.c. for 
each assay. 

The sulphocyanate solution is standardised by placing 50 c.c. of 
the silver nitrate solution in a flask with 20 c.c. of dilute nitric 
acid, diluting to 100 c.c. with water, and running in the sulpho- 
cyanate until the greater part of the silver is precipitated ; then 
adding 2 c.c. of the ferric indicator, and continuing the titration 
until a reddish-brown colour is developed, and remains permanent 
after shaking continuously. The assay is similarly performed, the 
silver being used in the state of a nitric acid solution. 

The effect of variations in the conditions of the assay may be 
seen from the following experiments, in which 20 c.c. of standard 
silver nitrate were used : — 

Effect of Varying Temperature : — 

Temperature 10' C. 30° C. 70* C. loo* C. 

Sulphocyanate reqd. 19.6 c.c. 19.3 c.c. 19.0 c.c. 18.6 c.c. 

Effect of Varying Nitric Acid: — Varying nitric acid has 
no effect, except that with a fairly acid solution the finishing point 
is somewhat sharper. 

Nitric acid added 5 c.c. 10 c.c. 20 c.c. 50 c.c. 

Sulphocyanate reqd. 19.6 c.c. 19.5 c.c. 19.6 c.c. 19.6 c.c. 

Effect of Varying Bulk :— 

Bulk 50 c.c. 100 c.c. 200 c.c. 300 C.C. 

Sulphocyanate reqd. 19.5 c.c. 19.6 c.c. 19.6 c.c. 19.7 c.c. 

Effect of Varying Amnionic Nitrate : — 

Ammonic nitrate o gram i gram 5 grams 10 grams 
Sulphocyanate reqd. 19.6 c.c. 19.6 c.c. 19.7 c.c. 19.9 c.c. 

Effect of Varying Silver : — 

Silver added i c.c. 10 c.c. 20 c.c. 50 c.c. 100 c.c. 

Sulphocyanate reqd. i.o c.c. 9.7 c.c. 19.6 c.c. 49.4 c.c. 99.0 c.c. 

COIiOBIMETBIC DETERMINATION. 

There is, properly speaking, no colorimetric' method, but the 
following, which is sometimes used, is based on similar principles. 
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It is useful for the determinatioii of small quantities of silver in 
substances which yield dear solutions with nitric acid. 

Dissolve a weighed quantity of the substance in nitric acid, and 
dilute to a definite bulk. Divide into two equal parts. To one, 
add a drop or two of dilute hydrochloric acid, stir and filter. To 
the other, add a similar amount of dilute acid, and then to the 
filtered portion run in from a burette standard silver nitrate 
(i c.c. = 0.5 milligram silver) until the solutions are equally 
turbid. Calculate in the usual way. 



GOLD. 

Gold occurs in nature chiefly as metal. It always contains 
more or less silver, and, in alluvial sands, <fec., may be associated 
with platinum and iridium. 

Gold is insoluble in hydrochloric or nitric acid, but is dissolved 
by aqua regia or by solutions of iodine, bromine, or chlorine. It 
is taken up by mercury, forming an amalgam, from which the 
mercury may be driven off by heat. 

When gold occurs in particles of any size, it is readily detected 
by its appearance, but when finely disseminated through a large 
quantity of rock, it is separated and detected by the amalga- 
mation assay — described below — or by a process of washing 
somewhat similar to vanning, or by the following test : — Powder 
and, if necessary, roast 50 to 100 grams of the ore, put on it three 
or four crystals of iodine and enough alcohol to cover it ; allow to 
stand for half an hoiu* ; a piece of filter paper moistened with 
the liquid and burnt leaves an ash with a distinctly purple 
tint if any gold is present. It is better, however, to filter off 
the solution, evaporate, and ignite. Then, either take up with 
mercury, and ignite the amalgam so as to get a speck of the 
metallic gold ; or treat with a few drops of aqua regia, and test 
the solution with stannous chloride : a purple coloration indicates 
gold. 

AMAIjGAMATION assay.— This does not attempt to 
give the total produce of gold, but rather the quantity which can 
be extracted on a large scale ; therefore it should imitate as closely 
as possible the process adopted in the mine or district for ex- 
tracting the metal. 

Take 2 lbs of the ore in powder and roast ; make into a stiff 
paste with hot water and rub up for an hour or so with about a 
tablespoonful* of mercury. After this, stir with a similar quan- 

* Measured in a glass vessel. 
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tity of fresh mercury and plenty of water. "Wash off the sand 
and collect the amalgam. Drive off the mercury by heat and 
weigh the residual gold. It is best to cupel it with lead before 
weighing. 

In an experiment on a lot of ore which contained 0.189 gram 
of gold, 0.179 grani was obtained by the above process, equal to 
about 94i per cent, recovered. With ores generally the yield 
may be from 80 to 90 per cent, of the actual gold present. 

DRY ASSAY. 

The remarks made about the silver dry assay apply also to that 
of gold, but since gold ores rarely contain more than one or two 
ounces to the ton, and frequently much less, the quantity of ore 
taken for an assay is greater, generally 50 or 100 grams. 

The assay is divided into three parte : (i) The concentration of 
the gold (and silver) in a button of lead ; (2) the cupellation of 
this button ; anid (3) parting the gold from the silver and weigh- 
ing it. 

The Concentration of the Gold. — Where the gangue of the 
ore consiste mainly of quartz (as is generally the case), and is 
practically free from metallic oxides and sulphides, the whole of 
the gold is concentrated in a button of lead by a single fusion. 
With such ores it is best to rely mainly on the fluxing action of 
carbonate of soda (2 parts of soda will give a good slag with i part 
of quartz), and to use only as much oxide of lead as will give a 
button a little larger than that required to collect the metal. The 
soda should be supplemented with more or less borax according 
to the amount of lime, &c., present. A button of lead of about 
30 grams is sufficient. The following charge may be used : — 

Ore 50 grams 

Red lead . . . . 40 „ 

Soda 75 » 

Borax . . . . . 25 „ 

Flour 4.5 » 

Mix, transfer to a G crucible, and fuse. The heat at first must 
not be too great, but should be raised towards the finish so as to 
have a very fluid and clean slag. Pour and, when cold, detach 
the button of lead. The slag should be glassy, all through alike, 
and easily separable from the metal. With ordinary ores this 
slag may be considered to be free from gold. In an experiment 
in which 90 milligrams of gold were present, 90 milligrams were 
obtained from the lead produced by the first fusion when carried 
out in this manner. When a larger amount of oxide of lead is 
used, and much gold is present, the slag is not so clean. In an 
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experiment similar to the last, but with 100 grams of red lead^ 
122 milligrams of gold yielded in theiirst fusion 11 9.8 milligrams. 
With ores containing a small peicentage of sulphides the same 
charge is used with a proportionately smaller quantity of flour. 
The student is referred to the remarks on the reducing action of 
sulphides in the description of the silver assay. In fact all the 
remarks made under that assay apply to this. 

Ores containing much Metallic Oxides. — Ferric oidde is 
the one most generally met with and most likely to be present. 
Gold is occasionally found in a matrix of this substance. In the 
assay, when much pyrites is present, this oxide will be formed in 
the preliminary calcination, or by the action of nitre if this 
reagent be used. The separation of the gold when much peroxide 
of iron is present in the slag is by no means always complete. 
We have known a student in attempting to recover gold from 
haematite (in which there was about half an ounce of the 
metal) to find nearly a gram of gold on cleaning the slag; 
although in the fusion the slag was perfectly fluid. This failure, 
no doubt, was due to the peroxides of iron present in the slag. 
To get a good result the iron must be present as ferrous oxide, 
and the slag should not be too acid. In four experiments which 
differed simply in the varying quantities of flour, we got the 
following results ; the charge used was : — 

Haematite . . . • 50 grams 

Quartz . . . . 10 „ 

Borax 30 „ 

Litharge . . . • 50 „ 

Gold 0.200 gram 

Flour added • 5 grams 7 grams 9 grams 12 grams 

Lead got . . 13.0 „ 23.0 „ 34.0 „ 39.0 „ 

Gold found . 0.154 gram 0.1683 gram 0.1935 gram 0.1935 gram 

„ lost in slag 0.046 „ 0.0317 „ 0.0065 „ 0.0065 „ 

Salt was used as cover in each case. These results show that 
the reduction of the iron oxide to the ferrous state is a matter 
of importance and should not be overlooked. The best of 
these results is (as far as the extraction of the gold is concerned) 
unsatisfactory. Another experiment in which a charge was used 
similar to that last mentioned (but with 30 grams of " soda " in 
addition) yielded 43 grams of lead containing all the gold. Unless 
precautions are taken it is easy to leave 5 or 6 milligrams of gold 
in the slag, and it is difficult to recover them completely. It is 
probably because of the loss of gold in the slag in this way that 
some writers have asserted that a certain proportion of gold is 
volatilized during calcination. Many gold assayers are chary of 
calcining their samples. 
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In ores made up of quartz and metallic oxides, more '' soda '' is 
added, and the quartz omitted. 

Ores containing muoh Sulphides. — The effect of the sul- 
phides is counteracted by the addition of nitre on the lines indi- 
cated under silver assay ; but if a large amount of nitre is required 
for this purpose, calcination must be adopted, and the roasted ore 
be worked as if it was an ore containing much metallic oxides. 

The fusion should be effected in the same crucible as the calci- 
nation was made in. The button of reduced lead should be free 
from regulus, and should not be less than 30 grams in weight. 
The buttons of lead, having been cleaned and hammered into 
shape, are ready for cupellation. 

Cupellation. — The cupellation of gold resembles in all 
essential features that of silver, but should be effected at a 
somewhat higher temperature. First, because it is more diffi- 
cult to remove copper from gold than it is from silver; and 
secondly, because a high temperature has no ill effect, the loss of 
gold in cupellation being so small that it need not be considered. 
It is about balanced by the silver left in the gold after parting. 
The cupellation loss of gold is about 0.7 per 1000 ( = 0.07 per 
cent.). The quantity of lead required in the cupellation of a gold 
copper alloy is just twice that required for the corresponding 
silver-copper alloy. The button left on the cupel will contain the 
gold and silver of the ore, together with, in certain cases, plati- 
num or iridium. If the button shows a yellow colour, it contains 
more than 50 per cent, of gold. It must be cleaned and weighed. 
There is no fear of a button spirting if it contains more than one- 
third gold. 

Parting. — The process of " parting " depends upon the solubi- 
lity of silver, and the insolubility of gold in nitric acid. An alloy 
of these two metals will yield all its silver in solution, and all the 
gold in the residue when acted on by hot nitric acid, provided 
that the alloy from which the silver has been dissolved out is 
sufficiently porous to allow the acid to get at the innermost por- 
tions. This is not the case with alloys very rich in gold ; for if 
the gold exceeds 30 per cent, of the button, it will, after treat- 
ment with nitric acid, retain an appreciable proportion of silver. 
The alloy best adapted for parting will give up practically the 
whole of its silver, and leave the gold in a mass sufficiently coher- 
ent to bear transferring and boiling without breaking up. If too 
much silver is present, the gold vriU. be left as a powder, which is 
difficult to handle without loss. An excess of silver has no other 
disadvantage. The alloy most convenient for the purpose is one 
containing 2.5 parts of silver to i part of gold. 

Preliminary to parting, the button is flattened by hammer- 
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ing or rolling in the " Flatting '* mill (fig. 45). With big buttons 
special care must be taken not to continue the hammering or roll- 
ing tni the metal becomes brittle. This may be guarded against 
by occasionally heating the button 
just to redness on a piece of char- 9 

coal before the blowpipe. The 
button thus annealed will have 
recovered its softness. The flat- 
tened button should be annealed 
before parting. 

The parting is made in an or- 
dinary test-tube, which must be 
clean. About one-third fill the 
test-tube with a dilute nitric acid, 
made by diluting i volume of 
strong acid with 3 volumes of Fio. 45. 

water. Heat nearly to boiling, 

and drop in the button. Keep at this temperature for ten or 
fifteen minutes by supporting on a sandbath or hot plate. Pour 
off the acid, and add a similar volume of stronger acid, made by 
adding i volume of strong acid to i volume of water. Boil for 
several minutes. Pour off the acid, and fill the tube with dis- 
tilled water; pour off the water, ca'TefuUy watching the gold. 
Completely fill the tube again with water, and cover it with a 
porous " cup." Invert so as to bring the cup under, with the test 
tube standing mouth down in it. The gold will quietly drop 
through the water into the crucible ; when it has settled, remove 
the crucible under water. Drain off the water in the cup, dry 
carefully, and ignite until the gold changes from a dark to a 
yellow colour, or until the outside of the crucible is about red hot. 
Cool, invert the cup over a watch glass, and weigh the button 
of gold. The parting and ignition may be conveniently made in 
a small Berlin dish. The nitric acid and water used must be free 
from chloric^es ; they can be rendered so by adding a few c.c. 
of dilute nitrate of silver solution, allowing the precipitate to settle, 
and using the clear liquid. 

If the button of gold weighs more than one-third of the alloy 
before "parting," it will contain silver. It will then be necessary 
to repeat the process, first alloying the gold with a sufficiency of 
silver. This process of making an alloy for parting is called " in- 
quartation." Weigh up the required amount of fine silver (2^ 
parts for each part of gold), wrap the silver and gold together in 
I gram of sheet lead, and cupel. The incorporation of the silver 
is effected by simple fusion before the blowpipe on a piece of char- 
coal ; but if the quantity is over a few milligrams, cupellation 
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with sheet lead must be used.* This button, after flattening and 
annealing, must be parted. The resulting gold will be free from 
silver. 

In the case of ores in which the produce both of gold and silver 
is approximately known, the quantity of silver requisite for inquar- 
tation is added either in the crucible in the first fusion, or to the 
button of lead when cupelling. If the ratio of gold to silver is 
approximately known, but not the quantity in the ore, then the 
requisite quantity of silver should be calculated from the weight 
of the button of fine metal obtained, and cupelled with it without 
a preliminary parting. For example : — If the fine metal of an 
ore is known to contain So per cent, of gold, and the button from 
an assay weighs lo milligrams, then the quantity of gold present 
is 8 milligrams. The quantity of silver required (being 2.5 to i 
of gold) is8x2.5=«2o milligrams ; of these 2 are already present 
in the button, leaving 18 to be added. 

In the determination of gold in bullion, half a gram of the alloy 

is taken and fused on a cupel with sujQicient silver to make the 

parting alloy, and 4 grams of lead. If, however, the bullion 

is coai*se and contains much copper, a larger quantity of lead must 

be used. When the cupellation is finished, the resulting button 

is cleaned and flattened with a few blows from a hammer. Heat 

nearly to redness, and then roll, with occasional annealing into a 

long narrow strip. This strip should have a smooth 

" wire " edge ; if the edge is rough or cracked, it is 

better to start afresh. Wrap up in a coil (comet) 

by folding around a pencil or glass rod. Take a 

3-ounce parting flask (fig. 46) containing about 

40 c.c. of dilute nitric acid (i to 3), and heat nearly 

to boiling ; then introduce the alloy and continue 

the heating for about ten minutes. It is best to do 

the heating by resting the flask on a small rose- 

burner. A stronger acid, if used at first, would 

/ ^ cause too violent an action, and tear off particles of 

\ I gold from the comet. Dilute with distilled water, 

I i and decant off the liquid ; add 25 c.c. of stronger 

^^ nitric acid (i to i), and boil gently for 10 or 15 

Fio. 46. minutes. Dilute and decant off the acid, wash with 

water, fill the flask, and transfer the gold to a porous 

crucible. Dry cautiously ; heat nearly to redness, and weigh. 

After parting, the gold retains a very small quantity of silver 
known as the "surcharge " ; so that when very great accuracy is 

* On melting together silver and gold the silver melts first and the gold 
falls to the bottom, where it remains for a long time unfnsed beneath the 
molten silver. 



GOLD. 129 

required the system of working with " checks " is adopted. With 
rich alloys the " surcharge " may amount to half a degree of fine- 
ness, or 0-05 per cent. It is to a certain extent counterbalanced 
by the cupellation loss, and in alloys containing much copper, and 
which consequently require more lead in the cupellation, the loss 
may exceed the gain due to the retained silver. In working with 
checks an amount of fine gold (as nearly as possible equal to that 
in the assay) is mixed with the necessary quantity of other metals, 
and treated in exactly the same way from the start to the finish. 
If the gold left after parting the " check " weighs more than the 
fine gold taken, the excess is deducted from the weight of the gold 
got in the assay ; and, conversely, if it weighs less, the deficiency 
is added. In working with checks it is of importance that the 
standard gold be pure. 

Determination of Gold in an Ore. (Gold quartz). — 
Weigh up 50 grams of the powdered ore, and mix with 75 grams 
of soda, 25 grams of borax, 40 grams of red lead, and 4^ grams of 
flour. Fuse in a G crucible with a gradually increasing tempera- 
ture, pour, clean the button, and cupel. Weigh, deduct the alver 
in the red lead added, and the difference will give the silver and 
gold. The button will probably be gold coloured ; wrap it up 
with about twice its weight of silver in half a gram of sheet lead, 
and cupel. Part and weigh the gold. This will give the gold in 
50 grams of the ore ; deduct its weight from the button of fine 
metal obtained in the first cupellation, and the difference will give 
the silver. 

Example, — Ore taken, 50 grams : — 



Fine metal got . 
Gold 


. 6.0 
. 1.0 


milligrams 


0.65 ozs. per ton 


Leaves silver . 
Deduct silver from lead 


. 5.0 
. I.I 






Silver from ore . • 


. 3.9 


i> ^^ 


2.54 ozs. per ton 



Determination of Gold in Bullion. — Weigh up 0.5 giam of 
the alloy, cupel with 1.25 gram of silver, and 3 grams of lead. 
Roll, fold into a comet, and " part." Weigh the gold, and calcu- 
late the degree of fineness. 

Example : — 0.5 gram of coin in duplicate assay gave 0.4582 
and 0.4584 gram of gold, which is equivalent to an average of 
916.6 fineness. 

Determination of Gold in Copper. — See under Examina- 
tion of Commercial Copper, 
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PLATINUM. 

Platinum occurs in nature in alluvial deposits associated with 
gold and some rare metals, generally in fine metallic grains, and, 
occasionally, in nuggets. It is a grey metal with a high specific 
gravity, 21.5 when pure and about 18.0 in native specimens. It 
is fusible only at the highest temperature, and is not acted on by 
acids. 

It is dissolved by warm aqua regia, forming a solution of 
** platinic chloride," H^PtClg. This substance on evaporation re- 
mains as a brownish red deliquescent mass ; on drying at 300° C. 
it.is converted into platinous chloride, PtCl^, and becomes insoluble, 
and at a higher temperature it is converted into platinum. All 
platinum compounds yield the metal in this wa)'^. Platinic 
chloride combines with other chlorides to form double salts, of 
which the ammonic and potassic platino-chlorides are the most 
important. 

Platinum alone is not soluble in nitric acid ; but when alloyed 
with other metals which dissolve in this acid it too is dissolved ; 
so that in gold parting, for example, if platinum was present, 
some, or perhaps the whole of it would go into solution with the 
silver. Such alloys, however, when treated with hot sulphuric 
acid leave the platinum in the residue with the gold. 

Platinum is detected when in the metallic state by its physical 
characters and insolubility in acids. In alloys it may be found by 
dissolving them in nitric acid or in aqua regia, evaporating with 
hydrochloric acid, and treating the filtrate with ammonic chloride 
and alcohol. A heavy yellow precipitate marks its presence. 

The assay of bullion, or of an alloy containing platinum, may 
be made as follows: Take 0.2 gram of the alloy and an equal 
weight of fine silver, cupel with sheet lead, and weigh. The loss 
in weight, after deducting that of the silver added, gives the 
weight of the base metals, copper, leadj <kc. Flatten the button 
and part by boiUng with strong sulphuric acid for several minutes. 
When cold J wash, anneal, and weigh. The weight is that of the 
platinum and gold. The silver may be got by difference. Re- 
cupel the metal thus got with 12 or 15 times its weight of silver, 
flatten and part the gold with nitric acid in the usual way (see 
under Gold), and the platinum will dissolve. The gold may con- 
tain an alloy of osmium and iridium ; if so, it should be weighed 
and treated with aqua regia. The osmiridium will remain as an 
insoluble residue, which can be separated and weighed. Its weight 
deducted from that previously ascertained will give the weight of 
the gold. 
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When the platinum only is required, the alloy must be dissolved 
by prolonged treatment with aqua regia, the solution evaporated 
to dryness, and the residue extracted with water. The solution 
thus obtained is treated with ammonic chloride in large excess 
and with some alcohol. A sparingly soluble* yellow ammonic 
platinum chloride is thrown down, mixed, perhaps, with the corre- 
sponding salts of other metals of the platinum group. Gold will 
be in solution. The solution is allowed to stand for some time, 
and then the precipitate is filtered off, washed with alcohol, 
dried, and transferred (wrapped in the filter paper) to a weighed 
crucible. It is ignited, gently at first, as there is danger of vola- 
tilising some of the platinum chloride, and afterwards intensely. 
With large quantities of platinum the. ignition should be per- 
formed in an atmosphere of hydrogen. Cool and weigh as 
metallic platinum. 

IRIDIUM 

Occurs in nature alloyed with osmium as osmiridium or iridos- 
mine, which is *' rather abundant in the auriferous beach sands 
of Northern California" (Dana). It occurs in bright metallic 
scales, which do not alloy with lead, and are insoluble in aqua 
I'egia. Iridium also occura in most platinum ores, and forms as 
much as two per cent, of some commercial platinum. In chemical 
properties it resembles platinum, but the ammonic irido-chloride 
has a dark red colour, and on ignition leaves metallic iridium, 
which does not dissolve in aqua regia diluted with four or five times 
its volume of water and heated to a temperature of 40** or 50* C. 
The other metals of the platinum group are Palladium, Khodium, 
Osmium, and Ruthenium. They differ from gold, platinum, and 
iridium by the insolubility of their sulphides in a solution of 
.sodium sulphide. Palladium is distinguished by the insolubility 
of its iodide ; and Osmium by the volatility of its oxide on 
boiling with nitric acid. 

MERCURY. 

Mercury occurs native and, occasionally, alloyed with gold 
■or silver in natural amalgams ; but its chief ore is the sulphide, 
cinnabar. It is comparatively rare, being mined for only in a few 
districts. It is chiefly used in the extraction of gold and silver 
from their ores (amalgamation) ; for silvering mirrors, Ac. 

Mercury forms two series of salts, mercurous and mercuric, 
but for the purposes of the assayer the most important property 

* 100 CO. of water dissolves 0.66 gram of the salt ; it is almost insoluble 
in alcohol or in solutions of ammonic chloride. 
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is the eaf^e with which it can be reduced to the metallic state 
from either of these. Mercury itself is soluble in nitric acid, form- 
ing, when the acid is hot and strong, mercuric nitrate. C.^innabar 
is soluble only in aqua regia. Mercurous salts are generally 
insoluble, and may be converted into mercuric salts by prolonged 
boiling with oxidising agents (nitric acid or aqua regia). The 
salts of mercury are volatile, and, if heated with a reducing agent 
or some body capable of fixing the acid, metallic mercury is given 
off, which may be condensed and collected. 

Mercury is separated from its solutions by zinc or copper, or 
it may be thrown down by stannous chloride, which, when in 
excess, gives a grey powder of metallic mercury, or, if dilute, a 
white crystalline precipitate of mercurous chloride. Nitric acid 
solutions of mercury yield the metal on electrolysis ; and, if the 
pole on which the metal comes down be made of gold or copper,. 
or is coated with these, the separated mercury will adhere thereto.. 
It may then be washed and weighed. 

The best tests for mercury next to obtaining globules of the- 
metal are: (i) a black precipitate with sulphuretted hydrogen 
from acid solutions, which is insoluble in nitric acid ; and (2) a 
w^hite precipitate with stannous chloride. 

DRY METHOD. 

Weigh up 5 grams, if the ore is lich, or 10 grams, if a poorer 
mineral. Take a piece of combustion tube from 18 inches to 
2 feet long, closed at one end, and place in it some powdered 
magnesite, so as to fill it to a depth of 2 or 3 inches, and on that 
a layer of an equal quantity of powdered lime (net slaked). Mix 
the weighed sample of ore in a mortar with 10 grams of finely 
powdered lime and transfer to the tube ; rinse out the mortar 
with a little more lime, and add the rinsings. Cover with a 
layer of six or seven inches more lime and a loosely fitting plug 
of asbestos. Draw out the tube before the blowpipe to the shape 

^__ shown in fig. 47, avoid- 

^ «A ing the formation of a 

^3 ridge or hollow at the 

^M bend which might col- 

FiG. 47. lect the mercury. Tap 

gently, holding the tube 
nearl)^ horizontal, so as to allow sufficient space above the mix- 
ture for the passage of the gases and vapours which are formed. 
Place the tube in a " tube furnace," and, when in position, place 
a small beaker of water so that it shall just close the opening of 
the tube. The point of the tube should not more than touch 
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the surface of the water. Biing the tube gradually to a red heat, 
commencing by heating the lime just behind the asbestos plug, 
And travelling slowly backwards. When the portion of the tube 
<iontaining the ore has been heated to i-edness for some time the 
heat is carried back to the end of the tube. The magnesite 
readily gives up cai'bonic acid, which fills the tube and sweeps the 
mercury vapour before it. Some of the mercury will have dropped 
into the beaker, and some will remain as drops adhering to the 
upper part of the neck. Whilst the tube is still hot cut off the 
neck of the tube just in front of the asbestos plug (a drop of 
water from the wash bottle will do this), and wash the mercury 
from the neck into the beaker. The mercury easily collects into 
£1 globule, which must be transferred, after decanting off the bulk 
of the water, to a weighed Berlin crucible. The water is removed 
from the crucible, first by the help of filter paper, and then by 
exposing in a desiccator over sulphuric acid, where it should 
be left until its weight remains constant. It should not be 
warmed. 

Example : — 5 grams of an ore treated in this way gave 4.265 
grams of mercury, equivalent to 85.3 per cent. Pure cinnabar 
contains 86.2 per cent. 

WET METHODS. 

Solution, — Since solutions of chloride of mercury cannot be 
boiled without risk of loss,* nitric acid solutions should be used 
wherever possible. No mercury-containing minerals are inso- 
luble in acids ; but cinnabar requires aqua regia for solution. In 
dissolving this mineral nitric acid should be used, with just as 
much hydrochloric acid as will suffice to take it up. 

To separate the mercury, pass sulphuretted hydrogen in con- 
siderable excess through the somewhat dilute solution. The 
precipitate should be black, although it comes down at first very 
light coloured. It is filtered, washed, and transferred back to 
the beaker, and then digested with warm ammonic sulphide. 
The residue, filtered, washed, and boiled with dilute nitric acid, 
will, in the absence of much lead, be pure mercuric sulphide. 
If much lead is present, a portion may be precipitated as sulphate, 
but can be removed by washing with ammonic acetate. To get 
the mercury into solution, cover with nitric acid and a few drops 
of hydrochloric, and warm till solution is effected. Dilute with 
water to 50 or 100 c.c. 

* According to Personne mercuric chloride is not volatilised from boil- 
ing solut'ions when alkaline chlorides are present. 
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GRAVIMETRIC DETERMINATION. 

This may be made by electrolysis. The same apparatus as is 
used for the electrolytic copper assay may be employed, but 
instead of a cylinder of platinum one cut out of sheet copper 
should be taken, or the platinum one may be coated with an 
evenly deposited layer of copper. Fix the spiral and weighed 
copper cylinder in position, couple up the battery, and when this 
has been done put the nitric acid solution of the mercury in its 
place.* The student had better refer to the description of the 
Electrolytic Copper Assay, 

The mercury comes down readily, and the precipitation is com- 
plete in a few hours : it is better to leave it overnight to make 
sure of complete reduction. Disconnect the apparatus, and wash 
the cylinder, first with cold water, then with alcohol. Dry by 
placing in the water oven for two or three minutes. Cool and 
weigh : the increase in weight gives the amount of metallic 
mercury. 

It must be remembered that copper will precipitate mercury 
without the aid of the battery ; but in this case copper will go 
into solution with a consequent loss in the weight of the cylinder : 
this must be avoided by connecting 'the battery before immers- 
ing the electrodes in the assay solution. The electrolysed solu- 
tion should be treated with an excess of ammonia, when a blue 
coloration will indicate copper, in which case the electrolysis is 
unsatisfactory. With a little care this need not happen. Gold 
cylinders may preferably be used instead of copper ; but on 
platinum the deposit of mercury is grey and non-adherent, so 
that it cannot be washed and weighed. 

VOLUMETRIC METHODS. 

Several methods have been devised : for the details of these the 
student is referred to Sutton's " Handbook of Volumetric Ana- 
lysis." 

QUESTIONS. 

1. The specific gravity of mercun- is 13.596. What volume would 

8 grams occupy ? 

2. If 3.169 grams of cinnabar gave 2.718 grams of mercury, what would 

be the percentage of the metal in the ore ? 

3. Pour solution of mercuric chloride on mercury and explain what 

happens. 

4. On dissolving o. 3 gram of mercur}' in hot nitric acid, and passing 

sulphuretted hydrogen in excess through the diluted solution, 
what weight of precipitate will be got ? 

* The solution should contain about 0.25 gram of mercury, and a large 
excess of nitric acid must be avoided. 
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CHAPTER X. 

COPPER— LEAD— THALLIUM -BISMUTH - 
ANTIMONY. 

COPPER. 

Copper occurs native in large quantities, especially in the Lake 
Superior district ; in this state it is generally pure. More 
frequently it is found in combination. The ores of copper may 
be classed as oxides and sulphides. The most abundant oxidised 
ores are the carbonates, malachite and chessylite ; the silicates, 
as also the red and black oxides, occur less abundantly. All these 
yield their copper in solution on boiling with hydrochloric acid. 

The sulphides ai-e more abundant. Copper pyrites (or yellow 
ore), erubescite (or purple ore), and chalcocite (or grey ore) are 
the most important. Iron pyrites generally carries copper and 
is frequently associated with the above-mentioned minerals. These 
are all attacked by nitric acid. They nearly all contain a small 
quantity of organic matter, and frequently considerable quantities 
of lead, zinc, silver, gold, arsenic, bismuth, <fec. 

The copper ores are often concentrated on the mine before 
being sent into the market, either by smelting, when the product 
is a regulus or matte, or by a wet method of extraction, yielding 
cement copper or precipitate. A regulus is a sulphide of copper 
and iron, carrying from 30 to 40 per cent, of copper. A precipi- 
tate, which is generally in the form of powder, consists mainly of 
metallic copper. Either regulus or precipitate may be readily 
dissolved in nitric acid. 

Copper forms two classes of salts, cuprous and cupric. The 
former are pale coloured and of little importance to the assayer. 
They are easily and completely converted into cupric by oxidising 
agents. Cupric compounds are generally green or blue, and are 
soluble in ammonia, forming deep blue solutions. 
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DRY ASSAY. 

That, for copper, next after those for gold and silver, holds a 
more important position than any other dry assay. The sale of 
copper ores has been regulated almost solely in the past by assays 
made on the Cornish method. It is not pretended that this 
method gives the actual content of copper, but it gives the pur- 
chaser an idea of the quantity and quality of the metal that can 
be got by smelting. The process is itself one of smelting on a 
small scale. As might be expected, however, the assay produce 
and the smelting produce are not the same, there being a smaller 
loss of copper in the smelting. The method has worked very 
well, but when applied to the purchase of low class ores (from 
which, the whole of the copper is extracted by wet methods) it is 
unsatisfactory. The following table, which embodies the results 
of several years* experience with copper assays, shows the loss of 
copper on ores of varying produce. The figures in the fourth 
column show how rapidly the proportion of copper lost increases 
as the percentage of copper in the ore falls below 30 per cent. 
For material with more than 30 per cent, the proportion lost is 
in inverse proportion to the copper present. 





LOSS OJ 


' COPPER. 




Copper present. 


Dry Assay. 


Mar^n. 


Loss on 100 Parts 
of Copper. 


Per cent. 


Per cent. 


1 Per cent. 




100 


98 


2.0 


2.0 


95 


92i 


1 2-5 


2.6 


90 


87I 


1 2.6 


2.9 


85 


82^ 


1 2.6 


30 


80 


77i 


2.6 


3-2 


75 


72i 


2.6 


3-5 


70 


67k 


2.5 


3.6 


^5 


62i 


2.5 


3.8 


60 


57i 


2.4 


4.0 


55 


52I 


2.3 


4.2 


50 


47^ 


2.2 


4.4 


45 


43 


2.0 


4-5 


40 


38i 


1.8 


4.6 


35 


33i 


1.7 


4.8 


30 


284 


1.50 


5.0 


25 


23i 


1.50 


6.0 


20 


184 


1.56 


7.8 


18 


164 


1-53 


8.5 


16 


i4i 


1.48 


9.3 


14 


i2i 


1.40 


lO.O 


12 


io| 


^37 


11.4 


10 


81 


1.28 


12.8 


8 


6J 


1.14 


14.3 
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Copper present. 


Dry Asiay. 


Margin. 


i.osg on 100 Parts 
of Copper. 


Per cent. 


Per cent. 


Ter cent. 




6 


5 


1.05 


17.5 


5 


4 


I.OO 


20.0 


4 


3, 


, I.OO 


25.0 


3-7 S 


^*o 


0.97 


20.0 


350 


2A 


0.94 


27.0 


3.25 


2/a 


0.91 


28.0 


3.00 


2k 


0.87 


29.0 


2.75 


Ifj 


0.82 


300 


2.50 


I« 


0.77 


31.0 


2.25 


li 


0.72 


32.0 


2.00 


»A 


0.06 


33.0 



The wet assay being known, the dry assay can be calculated 
with the help of the above table by deducting the amount in the 
column headed " margin " opposite the corresponding percentage. 
For example, if the wet assay gives a produce of 17.12 percent., 
there should be deducted 1.5 ; the dry assay would then be 15.62, 
or, since the fractions are always expressed in eighths, 15I. With 
impure ores, containing from 25 to 50 per cent, of copper, the dif- 
ferences may be perhaps 5 greater. 

Wet methods are gradually replacing the dry assay, and it is 
probable that in the future they will supersede it ; for stock-taking, 
and the various determinations required in smelting works and on 
mines, they are generally adopted, because they give the actual 
copper contents, and since it is obvious that a knowledge of this is 
more valuable to the miner and smelter. Moreover, the working 
of the dry method has been monopolised by a small ring of 
assayers, with the double result of exciting outside jealousy and, 
worse still, of retarding the development and improvement of the 
process. 

The principal stages of the dry assay are : (i) the concentration 
of the copper in a regulus ; (2) the separation of the sulphur by 
calcining; (3) the reduction of the copper by fusion ; and (4) the 
refining of the metal obtained. 

The whole of these operations are not necessary with all copper 
material. Ores are worked through all the stages ; with mattes, 
the preliminary fusion for regulus is omitted ; precipitates are 
simply fused for coai-se copper, and refi^ned ; and blister or bar 
coppers are refined, or, if very pure, subjected merely to washing. 

The quantity of ore generally taken is 400 grains, and is known 
as " a full trial " ; but for rich material, containing more than 50 
per cent, of copper, " a half trial," or 200 grains, is used. 
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Fusion for Begulus. — The ore (either with or without a 
previous imperfect roasting to get rid of any excess of sulphur) 
is mixed with borax, glass, lime, and fluor spar ; and, in some 
cases, with nitre, or iron pyrites, according to the quality of the 
ore. The mixture is placed in a large Cornish crucible, and 
heated as uniformly as possible in the wind furnace, gradually 
raising the temperature so as to melt down the charge in from 
15 to 20 minutes. The crucible is removed and its contents 
poured into an iron mould. When the slag is solid, take it up 
with the tweezers, and quench it in water. The regulus is easily 
detached from the slag. It should be convex above and easily 
broken, have a reddish brown colour, and contain from 40 to 
60 per cent, of copper. A regulus with more than this is " too 
fine," and with less " too coarse." A regulus which is too fine 
is round, compact, hard, and of a dark bluish grey on the 
freshly broken surface. A coarse regulus is flat and coarse 
grained, and more nearly resembles sulphide of iron in fracture 
and colour. 

If an assay yields a regulus " too coarse," a fresh determina- 
tion is made with more nitre added, or the roasting is carried 
further. With low class ores a somewhat coarse regulus is an 
advantage. If, on the other hand, the regulus is too fine, less 
nitre or less roasting is the remedy. With grey copper ores 
and the oxidised ores, iron pyrites is added. 

Calcining the Begulus. — It is powdered in an iron mortar 
and transferred to a small Cornish crucible, or (if the roasting is^ 
to be done in the muffle) to a roasting dish or scorifier. The 
calcining is carried out at a dull red heat, which is gradually 
increased. The charge requires constant stirring at first to pre- 
vent clotting, but towards the end it becomes sandy and 
requires less attention. If the temperature during calcination 
has been too low sulphates are formed, which are again reduced 
to sulphides in the subsequent fusion. To prevent this the 
roasted regulus is recalcined at a higher temperature, after being 
rubbed up with a little anthracite. The roasted substance must 
not smell of burning sulphur when hot. It is practically a 
mixture of the oxides of copper and iron. 

Fusion for Coarse Copper. — The calcined regulus is mixed 
with a flux consisting of borax and carbonate of soda, with more 
or less tartar according to its weight. Some " assay ers " use 
both tartar and niti*e, the former of course being in excess. The 
charge is returned to the crucible in which it was calcined, and 
is melted down at a high temperature, and, as soon as tranquil, 
poured. When solid it is quenched and the button of metal 
separated. 
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The slag is black and glassy. The small quantity of copper 
which it retains is recovered by a subsequent '* cleaning," to- 
gether with the slags from the next operation. 

The button of " coarse copper '* obtained must be free from a 
coating of regulus. It will vary somewhat in appearance accord- 
ing to the nature and quantity of the impurities. 

BefLning the Coarse Copper. — ^The same crucible is put 
back in the furnace, deep down and under the crevice between 
the two bricks. When it has attained the temperature of the 
furnace the coai*se cop- 
per is dropped into it 
and the furnace closed. 
The copper will melt 
almost at once with a 
dull surface, which 
after a time clears, 
showing an " eye." Fio. 48. 

8ome refining flux is 

then shot in from the scoop (fig. 48), and, when the assay i» 
again fluid, it is poured. When cold the button of metal is- 
separated. 

The button of " fine " copper is flat or pitted on its upper sur- 
face, and is coated with a thin orange film ; it must have the 
appearance of good copper. If it is covered with a red or purple 
film, it is overdone or " burnt."' If, on the other hand, it has a 
rough, dull appearance, it is not sufficiently refined. Assays 
that have been "burnt" ai*e rejected. Those not sufficiently 
fine are treated as " coarse copper," and again put through the 
refining operation. 

Cleaning the Slags. — These are roughly powdered and 
re-fused, as in the fusion for.coai-se copper. The button of metal 
got is separated (if big enough refined) and weighed. 

The details of the process are slightly varied by different 
assayers : the following will be good practice for the student. 

Determination of Copper in Copper Pyrites. — Powder, 
dry, and weigh up 20 grams of the ore. Mix with 20 grams each 
of powdered lime and fluor, 1 5 grams each of powdered glass and 
borax, and 5 or 10 grams of nitre. Transfer to a large Cornish 
crucible and fuse under a loose cover at a high temperature for 
from 15 to 20 minutes. When fluid and tranquil pour into a 
mould. When the slag has solidified, but whilst still hot, quench 
by dipping two or three times in cold water. Avoid leaving it 
iu the water so long that it does not dry after removal. When 
cold separate the button, or perhaps buttons, of regulus by 
crumbling the slag between the fingers. See that the slag is- 
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free from regiilus. It should be light coloured when cold and 
very fluid when hot. Reject the slag. 

Powder the regukis in a mortar and transfer to a small crucible. 
iJalcine, with occasional stirring, until no odour of sulphurous 
oxide can be detected. Shake back into tiie mortar, rub up with 
About I gram of powdered anthracite, and re-calcine for 19 
minutes longer. 

Mix the calcined regulnswith 10 grams of taitar, 20 grams of 
soda, and 3 grams of borax ; and replace in the crucible used for 
<jalcining. Fuse at a bright red heat for 10 or 15 minutes. Pour, 
when tranquil. 

As soon as solid, quench in water, separate the button of copper, 
xind save the slag. 

To refine the copper a very hot fire is wanted, and the fuel 
should not be too low down in the furnace. Place the crucible 
well down in the fire and in the middle of the furnace. The same 
crucible is used, or, if a new one is taken, it must be glazed with 
a little borax. When the crucible is at a good red heat, above the 
fusing point of copper, drop the button of copper into it, and close 
the furnace. Watch through the crevice, and, as soon as the 
button has melted and appears clear showing an eye, shoot in 10 
grams of refining flux, close the furnace, and, in a few minutes, 
pour ; then separate the button of copper. Add the slag to that 
from the coarse copper fusion, and powder. Mix with 5 grams of 
tartar, 0.5 gram of powdered charcoal, and 2 grams of soda. 
Puse in the same crucible, and, when tranquil, pour ; quench, 
and pick out the prills of metal. 

If the copper thus got is coai-se looking and large in amount, it 
must be refined ; but, if small in quantity, it may be taken as four- 
fifths copper. The combined results multiplied by five give the 
parcentage of copper. 

The refining flux is made by mixing 3 parts (by measure) 
of powdered nitre, 2^ of tartar, and i of salt. Put in a large 
<^rucible, and stir with a red-hot iron until action has ceased. 
This operation should be carried out in a well-ventilated spot. 

For pure ores in which the copper is present, either as metal 
or oxide, and free from sulphur, arsenic, &c., the concentiutiou of 
the copper in a regulus may be omitted, and the metal obtained in 
a pure state by a single fusion.* It is necessary to get a fluid 
neutral slag with the addition of as small an amount of flux 
as possible. The fusion should be made at a high temperature, so 
as not to occupy more than from 29 to 25 minutes. Thirty grams 
of ore is taken for a charge, mixed with 20 grams of cream of 

* "Modern American Methods of Copper Smelting" (Dr. Peters). 
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tartar, and lo grams e8W5h of dried borax and soda. If the 
gangue of the ore is basic, carrying much oxide of iron or lime, 
tiilica is added, in quantity not exceeding lo grams. If, on the 
other hand, the gangue is mainly quartz, oxide of iron up to 
7 grams must be added. 

Example. — Twenty grams of copper pyrites, known to con- 
tain 27.6 per cent, of copper, gave by the method first described 
5.22 grams of copper, equalling 26\ per cent. Another sample of 
20 grams of the same ore, calcined, fused with 40 grams of nitre, 
and washed to ensure the removal of arsenic and sulphur, and 
treated according to the second method, gave a button weighing 
5.27 grams, equalling 26^ per cent. The ore contained a can- 
bidei-able quantity of lead. Lead renders the assay more difficulty 
since after calcination it remains as lead sulphate, and in the 
fusion for coarse copper reappears as a regulus on the button. 

The Estimation of Moisture. — ^The Cornish dry assayer 
very seldom makes a moisture determination. lie dries the. 
samples by placing the papers containing them on the iron plate 
of the furnace. 

It is well known that by buying the copper contents of pyrites 
by Cornish assay, burning otF the sulphur, and converting the 
copper into precipitate, a large excess is obtained. 

NOTES ON THE VALUATION OP COPPER ORES. 

Closely bound up with the pra<;tice of dry copper assaying is 
that of valuing a parcel of copper ore. The methods by which the 
valuation is made have been described by Mr. Westmoreland,*" 
and are briefly as follows : — The produce of the parcel is settled 
by two assayers, one acting for the buyer, the other for the seller ; 
with the help, in case of non-agreement, of a third, or referee, 
whose decision is final. The dry assayers who do this are in most 
cases helped, and sometimes, perhaps, controlled, by wet assays 
made for one or both of the parties in the transaction. 

In the case of " ticketing," the parcels are purchased by the 
smelters by tender, and the value of any particular parcel is cal- 
culated from the average price paid, as follows : — The " standard," 
or absolute value of each ton of fine copper in the ore, is the 
price the smelters have paid for it, plus the returning charges 
or cost of smelting the quantity of ore in which it is con- 
tained. The value of any particular parcel of ore is that of the 
quantity of fine copper it contains, calculated on this standard, 
minus the returning charges. The ton consists of 21 cwts., and 

* *' Journal of the Society of Chemical Industry," vol. v. No. 2. 
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it is assumed that the " settled " produce is the actual yield of 
the ore. 

If at a ticketing in Cornwall 985 tons of ore containing 6^.^ 
ions of fine copper (by dry assay) brought ;^259i 128., the 
standard would be j£S;^ 1 5s. This is calculated as f oUows : — 
The returning charge is fixed at 55*. per ton of ore. This on 985 
tons will amount to ;^2 7o8 15*. Add this to the actual price 
paid, and there is got ;£'53oo as the value of the fine copper 
present. The weight of copper in these 985 tons being 63.3 tons, 
the standard is ;£'5300 -f- 63.3, or ^^83 15*. (nearly). 

The value of a parcel of 150 tons of a 6 per cent, ore on the 
same standard would be arrived at as follows: — The 150 tons at 
6 per cent, would contain 9 tons (150x6^ 100) of fine copper. This, 
at £S^ 15*. per ton, would give jC7S3 ^S*- From this must be 
deducted the returning charges on 150 tons of ore at 55*. per 
ion, or ;£'4i2 io«. This leaves ;£34i 5a. as the value of the 
parcel. 

At Swansea the returning charge is less than in Cornwall, and 
varies with the quality of the ore. This appears equitable, since 
in smelting there are some costs which are dependent simply on 
the number of tons treated, and others which increase with the 
richness. The returning charge then is made up of two parts, 
one fixed at so much (128. 2d.) per ton of ore treated, and the 
other so much (3*. gd,) per unit of metal in the ore. In this way 
the returning charge on a ton of ore of 8f produce would be 
125. 2d. + (8f X 35. gd.), or ^£2 5*. 

If, for example, Chili bars, containing 96 per cent, of copper, 
bring ;^5o per ton, the standard is ^£^1 gs, 40?. It is got at in 
this way. The returning charge on a 96 per cent, ore is 
128. 2d. + (96 X 3«. gd.), 0Tj£iS 128. 2d, This added to j£^o gives 
j£6S 128. 2d,, and this multiplied by 96 and divided by 100 (100 
ions of the bars will contain 96 tons of fine copper) will give 
;^7i g8. 4d. 

The price of 100 tons of pyrites, containing 2 J per cent, of 
copper by dry assay, would be got on this standard as follows : — 
The parcel of ore would contain 2 J tons of copper. This multi- 
plied by the standard gives j£i6o i6a. 2d, From this must be 
deducted the returning charge, which for i ton of ore of this pro- 
duce would be 125. 2d. + (2 J X 3,9. 9c?.) or j£i 08, yd., and on the 
100 tons is ;^io2 1 8s. ^d. This would leave ;^57 175. lod. as 
ihe price of the parcel, or 1 15. yd. per ton. This would be on the 
standard returning charge of 455. (for 8| per cent, ore) ; if a 
smaller returning charge was agreed on, say 385., the difference 
in this case, 75., would be added to the price per ton. 
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WET METHODS. 

The solubility of the ores of copper in acid has already been 
ilesciibed, but certain furnace products, such as slags, are best 
opened up by fusion with fusion mixture and a little nitre. 

The method of dissolving varies with the nature of the ore. 
With 5 grams of pyrites, a single evaporation with 20 c.c. of 
nitric acid will give a residue completely soluble in 30 c.c. of 
hydrochloric acid. If the ore carries oxide of iron or similar 
bodies, these are first dissolved up by boiling with 20 c.c. of 
hydrochloric acid, and the residue attacked by an addition of 
5 c.c. of nitric. Wlien silicates decomposable by acid are present, 
the solution is evaporated to dryness to render the silica inso- 
luble ; the residue extracted with 30 c.c. of hydrochloric acid, and 
diluted with water to 150 c.c. It is advisable to have the copper 
in solution as chloride. To separate the copper, heat the solution 
nearly to boiling (best in a pint flask), and pass a rapid current 
of sulphuretted hydrogen for four or five minutes until the pre- 
cipitate settles readily and the liquid smells of the gas. When 
iron is present it will be reduced to the ferrous state before the 
copper sulphide begins to separate. The copper appears as 
a brown coloration or black precipitate according to the quan- 
tity present. Filter through a coarse filter, wash with hot water 
containing sulphuretted hydrogen, if necessary. Wash the pre- 
cipitate back into the flask, boil with 10 c.c. of nitric acid, add 
soda till alkaline, and pass sulphuretted hydrogen again. Warm 
and filter, wash and redissolve in nitric acid, neutralise with 
ammonia and ammonic carbonate, boil and filter. The copper 
freed from impurities will be in the solution. Acidulate and 
reprecipitate with sulphuretted hydrogen. When the nature 
of the impurities will allow it, this process may be shortened to 
first filtering off the gangue, then precipitating with sulphuretted 
hydrogen and washing the precipitate on the filter first with 
water and then with ammonium sulphide. 

Having separated the copper as sulphide, its weight is deter- 
mined as follows Dry and transfer to a weighed porcelain cru- 
cible, mix with a little pure sulphur, and ignite at a red heat for 
5 or 10 minutes in a current of hydrogen. Allow to cool while 
the hydrogen is still passing. Weigh. The subsulphide of 
copper thus obtained contains 79.85 per cent, of copper ; it is a 
greyish-black crystalline mass, which loses no weight on ignition 
if air is excluded. 

Copper may be separated from it>s solutions by means of sodium 
hyposulphite. The solution is freed from hydrochloric and 
nitric acids by evaporation with sulphuric acid ; diluted to about 
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a quarter of a litre ; heated nearly to boiling ; and treated with a 
hot solution of sodium hyposulphite (added a little at a time) 
until the precipitate settles and leaves the solution free from 
colour. The solution contains suspended sulphur. The pre- 
cipitate is easily washed, and under the proper conditions the 
separation is complete, but the separation with sulphuretted 
hydrogen is more satisfactory, since the conditions as to acidity ^ 
&c., need not be so exact. 

Zinc or iron is sometimes used for separating copper from its 
solutions, but they are not to be recommended. 

ELECTKOLYTIC ASSAY. 

The separation of copper by means of a current of electricity 
is largely made use of, and forms the basis of the most satis- 
factory method for the determination of this metal. If the wire 
closing an electric circuit be broken, and the two ends immersed 
in a beaker of acidulated water or solution of any salt, the 
electricity will pass through the liquid, bringing about some re- 
markable changes. Hydrogen and the metals will be liberated 
around that part of the wire connected with the zinc end of the 
battery, and oxygen, chlorine, and the acid radicals will be set 
free around the other. Different metals are deposited in this- 
way with varying degrees of ease, and whether or not any par- 
ticular metal will be deposited depends — (i) on the conditions of 
the solution as regards acid and other substances present, and 
(2) on the intensity of the current of electricity used. For 
analytical purposes the metal should be deposited not only free 
from the other metals present, but also as a firm coherent film, 
which may afterwards be manipulated without fear of loss. This 
is, in the case of copper and many other metals, efifected by a 
simple control of the conditions. It is necessary that the elec- 
trodes, or wires which bring the electricity into the solution^ 
should be made of a material to which the deposited metal will 
adhere, and which will not be attacked by substances originally 
present or set free in the solution. They are generally made of 
platinum. There are various arrangements of apparatus used 
for this purpose, but the following plan and method of workings 
is simple and effective, and has been in daily use with very satis- 
factoiy results for the last five or six years. 

The battery used is made up of two Daniell cells, coupled up 
for intensity as shown in fig. 49 — that is, with the copper of one 
connected with the zinc of the other. For eight or ten assays 
daily the quart size should be used, but for four or five two pint 
celis will be sufficient. 
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Fio. 49. 



The outer pot of each cell is made of sheet copper, and must 
be clean and free from solder on the inside. It is provided near 
the top with a perforated copper 
shelf in the shape of a ring, into 
which the inner or porous cell loosely 
fits. It is charged with a saturated 
solution of copper sulphate, and 
crystals of this salt must be added, 
and always kept in excess. When 
the battery is at work copper is 
being deposited on the inner surface 
of this pot. 

The inner or porous pot contains 
the zinc rod, and is charged with a 
dilute acid, made by dilating one volume of sulphuric acid up 
to ten with water. The object of the porous pot is to pre- 
vent the mixing of the acid and copper sulphate solutions, with- 
out interrupting the flow of electricity. The copper sulphate 
solution will last for months, but the acid must be emptied out 
and recharged daily. 

The zinc rods must be well amalgamated by rubbing with 
mercury under dilute acid until they show a uniformly bright 
surface. They should not produce a brisk effervescence when 
placed in the acid in the porous pot before coupling up. 

The battery when working is apt to become dirty from the 
" creeping " of the copper and zinc sulphate solution. It must 
be kept away from the working bench, and is best kept in a box 
on the floor. 

The connection of the battery with, and the fixing of, the 
electrodes may be made by any suitable arrangement, but the 
following is a very convenient plan. The wire from the zinc is 
connected by means of a binding screw with a piece of stout 
copper wire, which, at a distance sufficiently great to allow of 
easy coupling with the battery, is led along the back of a piece 

i3 ^3 Q £!a ^ 




Fio. 50. 



146 



TEXT- BOOK OF ASSAYING. 



of hard wood. This is fixed horizontally about one foot above 
the working bench. The general arrangement is shown in 




"^r 



M- 



..M. ^ 



Fig. 51. 



Fig. 52. 



fig. 50, in which, however, for the sake of economy of space, the 
battery is placed on the working bench instead of on the floor. 




Fig. 53. 

The piece of wood is one inch square and three or four feet long. 
It is perforated from front to back at distances of six inches by a 
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number of small holes, in which are inserted screws like that 
shown in fig. 51. These are known as "terminals," and may 
be obtained of any electrician. The head of each sci'ew is 
soldered to the wire mentioned above as running along the back 
and as being connected with the zinc end of the battery. These 
terminals serve to fix the electrodes on which the copper is to be 
deposited. The wire from the copper end of the battery is 
similarly connected by a connecting screw (fig. 52) with another 
wire (H in fig. 53), which runs along the top of the rod and has 
soldered to it, at distances of six inches, cylindrical spirals of 
copper >vire. These should project from the rod at points about 
half-way between the terminals already described. They may 
be made by wrapping copper wire around a black-lead pencil for 
a length of about three inches. 

The rod is perforated from top to bottom with a series of small 
holes, one in advance of each terminal but as near it as possible. 
Into these short pieces of glass tube are inserted to ensure insu- 
lation. These receive the other electrodes, which are connected 
with the wire leading to the copper- end of the battery, through 
the spirals, with the help of a binding screw. The figure will 
make this clear. {Fig, 53.) 

The electrodes consist of a platinum spiral and cylinder. 
The spiral should have the shape 
shown in A, fig. 54. When in 
work it is passed through one of 
the holes fitted with glass tubes and 
connected with the copper end of 
the battery. The thickness of the 
wire of which it is made is un- 
important, provided it is stout 
enough to keep its form and does 
not easily bend. The spiral will 
weigh about 8 grams. The cylin- 
der (C, fig. 54) will weigh about 
12 grams. It should have the 
shape shown in the figure. In 
working it is clamped to one of 
the terminals, and on it the copper 
is deposited. A cylinder will serve 
for the deposition of from i to 1.5 
gram of copper. It is made by 
rivetting a square piece of foil on 
to a stiff piece of wire, and then 
bending into shape over a glass tube or piece of rounded wood. 
Each cylinder carries a distinctive number, and is marked by im- 
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Fig. 54. 
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pressing Koman numerals on the foil with the blade of a knife. 
The weight of each is carefully taken and recorded. They lose 
slightly in weight when in use, but the loss is uniform, and 
averages half a milligram per month when in daily use. The 
cylinders are cleaned from deposited copper by dissolving off 
with nitric acid and washing with water ; and from grease by 
igniting. 

The beakers, to contain the solution of copper to be electro- 
lysed, are ordinary tall beakers of about 200 c.c. capacity, and 
are marked off at loo c.c. and 150 c.c. They are supported on 
movable stands, consisting of wooden blocks about six inches high 
and three inches across. The bar of wood which carries the 
connecting wires and electrodes is permanently fixed over the 
working bench, at such a height that, with the beakers resting on 
these blocks, the electrodes shall be in position for working. 

To fix the electrodes to the rod, remove the stand and beaker 
and pass the long limb of the spir^,l up through one of the 
glass tubes. Connect it with the free end of the copper spiral 
by means of a connecting screw (fig. 52), and then draw out anJ 
bend the copper spiral so that the platinum one may hang freely. 
Screw the wire of the cylinder to the terminal, and, if necessary, 
bend it so that the cylinder itself may be brought to encircle the- 
rod of the spiral in the manner shown in fig. 53. 

The general method of working is as follows : — The quan- 
tity of ore to be taken for an assay varies with the richness of 
the ore, as is shown in the following table : — 

Perc0ntat?e of Copper Quontit y of Ore 

in the Ore. to be taken. 

I to 5 5 grams 

5 to 10 3 „ 

10 to 30 2 „ 

30 to 50 1-5 " 

50 to 100 1 » 

The weighed quantity of ore is dissolved by evaporating with 
nitric acid and taking up with hydrochloric, as already described^ 
Any coloured residue which may be left is generally organic 
matter : it is filtered off, calcined, and ^ny copper it contains is 
estimated colorimetrically. Nearly always, however, the residue- 
is white and sandy. The copper is separated from the solution 
as sulphide by means of a rapid current of sulphuretted hydrogen. 
The liquid is decanted off through a filter, the precipitate washed 
once with hot water and then rinsed back into the flask (the 
filter paper being opened out) with a jet of water from a wash 
bottle. Fifteen c.c. of nitric acid are added to the contents of the 
flask, which are then briskly boiled until the bulk is reduced to 
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less than 10 c.c. The boiling down is carried out in a cupboard 
free from cold draughts, so as to prevent the condensation of 
acid and steam in the neck of the flask. Twenty c.c. of water 
ai*e next added, and the solution is warmed, and filtered into one 
of the beakers for electrolysis. The filtrate and washings ai^ 
diluted with water to the 100 c.c. mark, and the solution is then 
ready for the battery. It must not contain more than 10 per 
cent, by volume of nitric acid. 

The number and weight of the platinum cylinder having been 
recorded, both electrodes are fixed in position and the wooden 
block removed from under them. The beaker containing the 
copper solution is then brought up into its place with one hand, 
and the block replaced with the other so as to support it. All 
the assays having been got into position, the connecting wires 
are joined to the battery. If everything is right bubbles of 
oxygen at once stream ofif from the spiral, and the cylinder 
becomes tarnished by a deposit of copper. If the oxygen comes 
off but no copper is deposited, it is because the assay solution 
contains too much nitric acid. If no action whatever takes place, 
it is because the current is not passing. In this case examine 
the connections to see that they are clean and secure, and the 
connecting wires to see that they are not touching each other. 

The action is allowed to go on for sixteen or seventeen hours, 
so that it is best to let the current act over-night. In the morn- 
ing the solutions will appear colourless, and a slow stream of 
oxygen will still be coming off from the spiral. 

A wash-bottle with cold distilled water and two beakers, one 
with distiUed water and the other with alcohol, are got read}-. 
The block is then removed, the spiral loosened and lowered with 
the beaker. The cylinder is next detached and washed with a 
stream of water from the wash-bottle, the washings being added 
to the original solution. The current from the battery is not 
stopped until all the cylinders are washed. After being dipped 
in the beaker of water and once or twice in that with the alcohol, 
it is dried in the water-oven for about three minutes, and then 
weighed. The increase in weight is due to deposited copper. 
This should be salmon-red in colour, satin-like or crystalline in 
appearance, and in an even coherent deposit, not removed by 
rubbing. It is permanent in air when dry, but sulphuretted 
hydrogen quickly tarnishes it, producing coloured films. With 
ores containing even very small proportions of bismuth, the 
deposited copper has a dark grey colour, and when much of this 
metal is present the copper is coated with a grey shaggy deposit. 

It still remains to determine any copper left undeposited in the 
solution. This does not generally exceed four or five milligrams. 
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and is estimated colorimetrically. Thirty c.c. of dilute ammonia 
(one of strong ammonia mixed with one of water) are added to 
the electrolysed solution, which is then diluted up to the 150 c.c. 
mark with water. It is mixed, using the spiral as stirrer, and, 
after standing a few minutes to allow the precipitate to settle^ 
100 c.c. of it are filtered oflf through a dry filter for the colori- 
metric determination. Since only two-thirds of the solution are 
taken for this, the quantity of copper found must be increased by 
one-half to get the quantity actually present. 

The colorimetric determination may be made in the man> 
ner described under that head, but where a large number of 
assays are made daily it is more convenient to 
have a series of standard phials containing 
known amounts of copper in ammoniacal solu- 
..looc.c. tion. By comparing the measured volume of 
the assay solution with these, the amount of 
copper present is determined at a glance. These 
standard bottles, however, can only be economi- 
cally used where a large number of assays are 
being made daily. 

□ A convenient plan is to get a large number of 

white glass four-ounce phials, like that in fig. 55, 
and to label them so that they shall contain 100 c.c. 
Fio. 55. when filled up to the bottom of the labels. The 

labels should be rendered permanent by coating 
with wax, and be marked with numbers indicating the milligrams 
of copper present. The bottles are stopped with new clean corks, 
and contain, in addition to the specified quantity of copper, 6 c.c. 
of nitric acid and 10 c.c. of strong ammonia, with suflicient water 
to make up the bulk to 100 c.c. The copper is best added by 
running in the requisite amount of a standard solution of copper, 
each c.c. of which contains 0.00 1 gram of the metal. 

The standard bottles should be refilled once every three or four 
months, since their colorimetric value becomes slowly less on 
keeping. The following determinations of a set which had been 
in use for three months will illustrate this. The figures indicate 
milligrams of copper in 100 c.c. : the first row gives the nominal 
and the second row the actual colorimetric value of the standards. 
The difierence between the two shows the deterioration. 
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9 


II 


13 



The amount of copper in the assay is got by increasing that 
found colorimetrically by one-half and adding to that found on 
the platinum cylinder^ The percentage is calculated in the usual 
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way. The following examples will illustrate this, as well as the 
method of recording the work in the assay book : — 

Cylinder I. -i-Cu . . . .• 9.5410 
Cylinder 1 9-5i7o ^ 



By colour 100 c.c. =0.0015) 

0.0007/' z ' 



0.0240 
• 0.0022 



0.0022 0.0262 

IX. Sample. Took 5 grams. 

Copper = 0.52 7o 



Cylinder VI. + Cu , . . 10.5705 
Cylinder VI 10.0437 

0.5268 
Bv colour, 100 c.c. =0.0070) 

0.0035J * • • °°'''5 



0.0105 0-5373 

Matte, No. 1070. Took 1.5 gram. 

Copper = 35.82 7o 

Cylinder XIII. + Cu . . . 12.0352 
Cylinder XIII 11.0405 

0.9947 

By colour 100 c.c. =0.0005 1 ^ ...^^ 

0.0002I • • • °«^7 



0.0007 0-9954 

X. Sample, Cake copper. Took 1.0053 gram. 

Copper = 99.00 % 

In the electrolytic assay of metals, alloys, precipitates, and 
other bodies rich in copper, the preliminary separation of the 
copper by sulphuretted hydrogen is unnecessary. It is sufficient 
to dissolve the weighed sample in 10 c.c. of nitric acid, boil off 
nitrous fumes, dilute to 100 c.c. with water, and then electrolyse. 

Qeneral Considerations.— In the preliminary work with the 
copper sulphide there is a small loss owing to its imperfect removal 
in washing the filter paper, and another small loss in dissolving 
in nitric acid owing to the retention of particles in the fused 
globules of sulphur. To determine its amount the filter-papers 
and sulphur were collected from forty assays, and the copper in 
them determined. The average amount of copper in each assay 
was 0.175 gram; that left on the filter paper was 0.00067 gram|; 
and that retained by the sulphur 0.00003 gram ; thus showing an 
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average loss from both sources of 0.00070 gram. The determina- 
tions from another lot of forty-two similar assays gave on an 
average 

Copper left on filter paper .... 0.00070 gram 
popper retained by sulphur . ; . . 0.00004 »* 

The loss from these sources is trifling, and need only be con- 
sidered when great accuracy is required. 

The deposition* of the copper under the conditions given is 
satisfactory, but, as already stated, if the solution contain more 
than 10 per cent, of nitric acid it is not thrown down at all ; or 
if a stronger current is used, say that from three Bunsen cells, it 
will be precipitated in an arborescent brittle form, ill adapted for 
weighing. It may be noted here that increasing the size of the 
cells does not necegsaiijy increase the intensity of the current. 

In two determinations on pure electrotype copper the following 
results were obtained : — 

Copper Taken. . Copper Found. 

0.8988 gram 0.8985 gram 

0.8305 „ 0.8303 „ 

The presence of salts of ammonia, &c., somewhat retards the 
deposition, but has no other ill efifect. 

The organic matter generally present in copper ores interferes 
more especially in the colorimetric determination of the residual 
copper. It can be detected on dissolving the ore as a light 
black residue insoluble in nitric acid. It is filtered ofif at once, 
or, if only present. in smaJL amount, it is carried on in the ordi- 
nary process of the assay and separated in the last filtration 
before electrolysis. 

The following experiments were made to test the effect of the 
presence of salts of foreign metals in the solution during the 
precipitation of copper by electrolysis : — 



Copper Taken. 


other Metal Added. 


Copper Found. 


0. 1000 gram 


o.iooo gram of silver 


0.1800 


0.1050 „ 


0.1000 , 


» >J 


0.2000 


0. 1030 „ 


0.1000 , 


, mercury 


0.2010 


0.1037 „ 


O.IOOO , 


1 >i 


0.2015 


0. 1020 „ 


O.IOOO , 


, lead 


0. 1020 


0. 1030 „ 


O.IOOO , 


» j» 


0. 1028 


O.IOIO „ 


O.IOOO , 


, arsenic 


O.IOIO 


0. 1007 „ 


O.IOOO , 


1 j» 


0. 1022 


0. 1030 „ 


0.1000 , 


, antimony 


0. 1050 


0.1034 „ 


O.IOOO , 


» >i 


0.1057 


0.0990 „ 


0.1200 , 


tin 


0.0990 


0. IOI4 „ 


O.IOOO , 


) )) 


0.1015 


0.1000 „ 


O.IOOO , 


, bismuth 


0.1662 
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Copper Taken. 




other Bletal Added. 


Copper Found. 
0. 1052 


o. 1040 grum 


0.10001 


^am of cadmium 


0. 1009 „ 


0.1300 


„ ZIDC 


0.1017 


0.1014 „ 


O.IOOO 


„ nickel 


0.1007 


0, 1079 „ 


0.1200 


„ iron 


0.1089 


0. 1054 „ 


O.IOOO 


„ chromium (CrjOg) 


0.1035 


0.1034 „ 


O.IOCO 


(K,LrO,) 


0. lOIO 


0.1075 „ 


O.IOOO 


„ aluminium 


0.1078 


0.1010 „ 


0.1000 


„ manganese 


0.0980 



It will be seen from these that mercury, silver, and bismuth 
are the only metals which are precipitable* along with the copper 
under the conditions of the assay. Mercury, which if present 
would interfere, is separated because of the insolubility of its 
sulphide in nitric acid. Silver may be separated by the addition 
of a drop of sodium chloride solution before electrolysing. 

Bismuth is precipitated only after the main portion of the 
copper is thrown down. It renders the copper obviously unsuit- 
able for weighing. It darkens, or forms a greyish coating on, 
the copper; and this darkening is a delicate test for bismuth. 
In assaying ores containing about three and a half per cent, of 
copper, and known to contain bismuth in quantities scarcely 
detectable in ordinary analysis, the metal deposited was distinctly 
greyish in colour, and would not be mistaken for pure copper. 
Ten grams of this impure copper were collected and analysed, 
with the following results : — • 

Copper 9946 per cent. 

Bismuth 00.30 „ 

Iron 00.14 „ 

Arsenic " 00.10 ,, 



The quantity of copper got in each assay was 0.175 ff^^^^^t ^^^ 
consequently the bismuth averaged 0.00053 gram. 

To separate the bismuth in such a case the deposit is dis- 
solved off by warming it in the original solution. The bismuth 
is precipitated by the addition of ammonic carbonate, and the 
solution, after filtering and acidifying with nitric acid, is re- 
electrolysed. 

Determination of Copper in Commercial Copper. — Take 
from I to 1.5 gram, weigh carefully, and transfer to a beaker; 
add 20 c.c. of water and 10 c.c. of nitric acid ; cover with a clock 

* Lead when present is precipitated on the spiral in the form of a dark 
powder of di-oxide (Pb02). Manganese is also thrown down on the spiral 
as di-oxide (Mn02), the solution at the same time becomes violet from the 
formation of permanganic acid. 
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glass, and allow to dissolve with moderate action ; boil oflf nitrous 
fumes, dilute to loo c.c, and electrolyse. The cylinder must be 
carefully weighed, and the electrolysis allowed to proceed for 
24 hours. The weight found will be that of the copper and silver.. 
The silver in it must be determined* and deducted. 

Determination of Copper in Brass, German Silver, or 
Bronze. — Treat in the same manner as commercial copper. If 
nickel is present, the few milligrams of copper remaining in the 
electrolysed solution should be separated with sulphuretted 
hydrogen, the precipitated sulphide dissolved in nitric acid, and 
determined colorimetically. 

VOLUMETBIC PBOCESSES. 

There are two of these in use, one based on the decolorising 
effect of potassic cyanide upon an ammoniacal copper solution, and 
the other upon the measurement of the quantity of iodine 
liberated from potassic iodide by the copper salt. The cyanide 
process is the more generally used, and when carefully worked, 
" on certain understood and orthodox conditions," yields good 
results ; but probably there is no method of assaying where a 
slight deviation from these conditions so surely leads to error. 
An operator has no difficulty in getting concordant results with 
duplicate assays ; yet different assayers, working, without bias, on 
the same material, get results uniformly higher or lower ; a 
difference evidently due to variations in the mode of working. 
Where a large number of results are wanted quickly it is a very 
convenient method. The iodide process is also satisfactory when 
worked under the proper conditions. 

CYANIDE METHOD. 

y 

The process is based upon the facts — (i) that when ammonia is 
added in excess to a solution containing cupric salts, ammoniacal 
copper compounds are formed which give to the solution a deep 
blue colour; and (2) that when potassic cyanide is added in suffi- 
cient quantity to such a solution the colour is removed, double 
cyanides of copper and potassium or ammonium being formed.t 
In the explanation generally given the formation of cuprous cy- 
anide is supposed J; but in practice it is found that one part of 
copper requires rather more than four parts of cyanide, whichi 
agrees with the former, rather than the latter, explanation. 

* See the method given under Examwatian of Commercial Copper, 

t CuSO, + 4KCy = 2KCy.CuCy, + K,SO,. 

X 2CuSU, + 3KCy + Am*,0 = CujCy, + Am,SO, + K^SO, + KCyO. 
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Reliance on the accuracy of the process cannot rest upon the 
supposition that the cyanide required for decoloration is propor- 
tional to the copper present, for varying quantities of ammonia 
salts, ammonia and water, and differences of temperature have an 
important effect. The results are concordant and exact only 
when the cyanide is standardised under the same conditions as it 
is used. It is best to have the assay solution and that used for 
standardising as nearly as possible alike, and to titrate the two 
solutions side by side. This demands an approximate knowledge 
of the quantity of copper contained in the ore and a separation 
of the bulk of the impurities. 

For the titration there is required a standard solution of potas- 
sium cyanide made by dissolving 42 grams of the salt, known to- 
dealers as Potassium Cyanide (Gold), in water and diluting to one 
litre : 100 c.c. of this will bo about equivalent to one gram of 
copper. For poor ores the solution may conveniently be made 
half this strength. 

The solution of the ore and the separation of the copper as sul- 
phide are effected in the same ways as have been already described 
for electrolysis. Similarly, too, the sulphide is attacked with 
1 5 c.c. of nitric acid and the assay boiled down to 10 c.c. Add 20 c.c. 
of w^ater and warm, filter into a pint flask, wash well with water, 
and dilute to about 150 c.c. : add 30 c.c. of dilute ammonia, and 
cool. 

Prepare a standard by dissolving a quantity of electrotype 
copper (judged to be about the same as that contained in the 
assay) in 20 c.c. of water and 10 c.c. of nitric acid, boil off the 
nitrous fumes, and dilute to 150 c.c. : add 30 c.c. of dilute 
ammonia and cool. 

Fill a burette with the standard cyanide solution. The burette 
with syphon arrangement, figured on page 52, is used. A 
number of titrations can be carried on at the same time provided 
the quantity of copper present in each is about the same. This 
is regulated in weighing up the ore. The flasks must of course 
be marked, and should be arranged in series on a bench in front 
of a good light and at such a height that the liquid can be looked 
through without stooping. Supposing about 50 c.c. of cyanide 
will be required, 30 c.c. should be run into each, and each addi- 
tion be recorded as soon as made ; then run 15 c.c. into each. 
The solutions will now probably show marked differences of tint : 
add I c.c. of cyanide to the lighter ones and more to the darker, so 
as to bring the colours to about the same depth of tint. They 
should all be of nearly equal tint just before finishing. At the 
end add half a c.c. at a time until the colours are completely dis- 
chai'ged. A piece of damp filter paper hold between the light 
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and the flask assists in judging the colour when nearly finished. 
Overdone assays show a straw yellow colour which deepens on 
;8tanding. 

The following will illustrate the notes recorded of five such 
:assays and one standard : — 



(l) 30 CO. 


15 CO. 


5 c.c. 


2 c.c. 


I c.c. 


* c.c. 


— c.c. 


= 534 c.c. 


C2) 30 » 


15 » 


I M 


I » 


* »1 


4 » 


— 


= 484 „ 


(3) 30 „ 


15 » 


3 » 


I » 


I J» 


4 ,, 


— 


= 504 ,, 


(4) 30 » 


15 » 


5 » 


2 „ 


* J» 


4 . 


4 ,, 


= 54 » 


(5) 30 „ 


15 » 


2 » 


I )) 


* J» 


4 M 


— 


= 494 „ 


(6) 30 ,, 


15 » 


2 ,» 


I » 


* »» 


4 ,, 


4 » 


= 50 standard 



Three grams of ore were taken, and the standard contained 
0.480 gram of copper. 

In this series the difference of half a c.c. means about 0.15 
per cent, on the ore ; with a little practice it is easy to estimate 
whether the whole or half of the last addition should be counted. 

To get satisfactory results, the manner of finishing once 
adopted must be adhered to. 

The following experiments show the effect of variation in the 
conditions of the assay : — Use a solution of copper nitratCf made 
by dissolving 10 grams of copper in 50 c.c. of water and 35 c.c. of 
nitric acid, and diluting to a litre. 100 c.c. = i gram of copper. 

Effect of Varying Temperature. — In these experiments 
20 c.c. of copper nitrate were used, with 10 c.c. of nitric acid, 30 c.c. 
of dilute ammonia, and water to 200 c.c. The results were — 

Temperature . . 15° 30* 70** 100' 

Cyanide required . 21.5 c.c. 20.8 c.c. 19.7 c.c. 18.8 c.c. 

The temperature is that of the solution be/ore titrating. These 
show the importance of always cooling before titrating, and of 
titrating the assay and standard at the same temperatiu-e. 

Effect of Varying Bulk. — The quantities of copper, acid, and 
nmmonia were the same as in the last-mentioned experiments. 
The results were : — 

Bulk . . . loo.o c.c. 200.0 c.c. 300.0 c.c. 4C0.0 c.c. 
Cyanide required . 23.3 „ 21.7 „ 21.4,, 21.4 „ 

These show that large variations in bulk must be avoided. 
Effect of Varying Ammonia. — The quantities of copper and 
acid were the same as in the series of experiments last noticed. 
The bulk was 200 c.c. The results were : — 

Dilute ammonia . . 20.0 c.c. 30.0 c.c. 50.0 c.c. loo.o c.c. 
Cyanide required . 20.9 „ 21.7 „ 22.3 „ 24.6 „ 

Effect of Varying Acid. — The quantities of copper and 
water were the same as in the last-noticed set of experiments : 
JO c.c. of dilute ammonia were used. 

Nitric acid . . • . 5-0 c.c. lo.o c.c. 15.0 c.c. 

Cyanide required . . 21.6 „ 21.7 ,, 21.5,, 
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On adding nitric acid to the solution it combines with a portion 
of the ammonia to form ammonic nitrate ; it will be seen from 
the last series of experiments that the lessening of the amount (}f 
free ammonia will decrease the quantity of cyanide required; 
but, on the other hand, the ammonic nitrate which is at the 
same time formed will increase the amount required ; under the 
conditions of the assay these two effects neutralise each other, 
and such differences in the quantity of acid as are likely to occur 
are unimportant. 

Effect of Varying Ammonic Salts. — The quantities of 
copper, water, and ammonia were the same as in the last men- 
tioned set of experiments, but no nitric acid was used. 

Ammonic nitrate added i gram 5 ^ams 10 grams 20 grams 
Cyanide required • . 21.20.0. 22.10.0. 23.10.0. 24.10.0. 

These show that combined ammonia seriously affects the titra- 
tion, and that the principle sometimes recommended of neu- 
tralising the acid with ammonia, and then adding a constant 
quantity of ammonia, is not a good one, because there is then an, 
interference both by the ammonia and by the variable quantity 
of ammonic salts. 

The same quantity of combined ammonia has the same effect, 
whether it is present as sulphate, nitrate, chloride, or acetate, as 
the following experiments show. Four lots of 20 c.c. of " copper 
nitrate " were taken, and 20 c.c. of dilute ammonia added to each. 
These were carefully neutralised with the respective acids, ren- 
dered alkaline with 30 c.c. more of ammonia, cooled, diluted to 
bulk, and titrated. The results were : — 

With sulphuric acid . . . 22.5 0.0. of cyanide 

„ nitric acid .... 22.6 „ „ 

„ hydrochloric aoid . . . 22.6 „ „ 

„ acetic aoid .... 22.5 „ „ 

Effect of Foreign Salts. — Sulphates, nitrates and chlorides of 
sodium or potassium have no action, whilst the hydrates, carbo- 
nates, bicarbonates, sulphites, and nitrites have an important 
effect. The interference of ammonic salts has already been shown. 

Salts of silver, zinc, and nickel react with cyanide just as 
copper does, and consequently interfere. Ferrous salts are sure 
to be absent, and ferric salts yield ferric hydrate with the am- 
monia, which is not acted on by the cyanide, but, owing to its 
bulkiness, it settles slowly; this lengthens the time required 
for titration, and so modifies the manner of working. An assay 
should not he worked with ferric hydrate present, unless the standard 
contains about the same amount of it. On mines it is often in- 
convenient to separate the copper by means of sulphuretted 
hydrogen; hence it is customary to titrate without previous 
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separation. In this case, instead of standardising the cyanide with 
electrotype copper, a standard ore should be used. This should 
be an ore (of the same kind as those being assayed) in which the 
copper has been carefully determined. 

Effect of Varying Copper. — In these experiments lo c.c. of 
nitric acid, 30 c.c. of ammonia, and water to 200 c.c. were used. 

Copper nitrate present i.oc.c. lo.o c.c. 20.00.0. 50.0 c.c. 100.0 c.o. 
Cyanide required . 0.7 „ ii.2 „ 21.7 „ 54.5 „ 108.1 „ 

These results show that under the conditions laid down the 
various causes of disturbance nearly neutralise one another, and 
the results within a fair range are practically proportional. 

Determination of Copper in Copper Pyrites. — Weigh up 
2 gi-ams of the dried and powdered ore, and place in an evaporat- 
ing dish about four inches in diameter. Cover with 20 c.c. of nitric 
acid and put on a hot plate. Evaporate to dryness without 
further handling. Allow to cool and take up with 30 c.c. of 
hydrochloric acid, boil, dilute, and transfer to a pint flask, filtering 
if necessary. Make up the bulk with the washings to about 
150 c.c. Precipitate with sulphuretted hydrogen, filter, and wash 
back the precipitate into the flask. Add 15 c.c. of nitric acid, 
and boil down rapidly to 10 c.c. Dilute, add 30 c.c. of dilute 
ammonia, make up to 150 c.c, and cool. For the standard, weigh 
up 0.5 gram of copper, more or less, according to the quantity 
judged to be present in the assay. Dissolve in 20 c.c. of dilute 
nitric acid, boil off nitrous fumes, add 30 c.c. of dilute ammonia, 
make up to the same bulk as that of the assay, and cool. Titrate 
the two solutions side by side and as nearly as possible in the 
same manner. 

Since the assay solution is often turbid fi*om the presence of 
small quantities of fead and of iron from incomplete washing, 
and since this slight precipitate is very slow in setthng, the 
standard can hardly be compared strictly with the assay. This 
can be counteracted by precipitating in both solutions a mixture 
of ferric and aluminic hydrates, which settles readily and leaves 
the supernatant liquor clear. To effect this, boil the nitric acid 
solutions with 30 c.c. of a solution containing 1 5 grams each of 
alum and ferrous sulphate to the htre. In an actual determina- 
tion 2 grams of the ore were taken and compared with 0.5 gi*am 
of copper. The assay required 57.7 c.c. of cyanide and the 
standard 52.5 c.c. 

52.5 ' o.s :: 57-7 : 0.5495 

This on 2^grams of ore =27.47 per cent; the same sample by 
electrolysis gave 27.60 per cent, of copper. 
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Determination without Previous Separation. — Dinsolve 
up 2 grams as before, but, instead of passing sulphui*etted 
hydrogen, add 30 c.c. of dilute ammonia, shake well, and cool. 
Prepare a standard by dissolving 0.5 gram of copper in i c.c. of 
nitric acid, add 0.6 gram of iron in the form of fenic chloiide 
and 20 c.c. of hydrochloric acid, dilute to about 150 c.c, add 30 c.c. 
of dilute ammonia, and cool. Titrate the two solutions side by 
8ide. In 'a determination on the sample last used, 58 c.c. were 
required for the assay and 53 c.c. for the standard, which indicates 
27.3 per cent, of copper. 

This method of working is somewhat rough. 

IODIDE METHOD. 

This is based upon the fact that when potassic iodide in excess 
is added to a strong solution of a cupric salt in a faintly acid 
solution, cuprous iodide is formed and an equivalent of iodine 
liberated.* The iodine is measured by titrating with a solution 
of sodium hyposulphite,! using starch paste as indicator. The 
iodine is soluble in the excess of potassium iodide, forming a deep 
brown solution ; the hyposulphite is added until this brown colour 
is almost removed. Starch paste is then added, and strikes with 
the remaining iodine a dirty blue colour. The addition of the 
" hjrpo" is continued until the blue colour is discharged. The end 
reaction is sharp ; a drop is sufficient to complete it. 

As regards the titration, the process leaves little to be desired ; 
the quantity of " hypo" required is strictly proportional to the 
copper present, and ordinary variations in the conditions of work- 
ing are without effect. The presence of salts of bismuth masks the 
end reaction because of the strong colour imparted to the solution 
by the iodide of bismuth. Under certain conditions there is a 
return of the blue colour in the assay solution after the finishing 
point has apparently been reached, which is a heavy tax on the 
patience and confidence of the operator. This is specially apt to 
occur when sodium acetate is present, although it may also be due 
to excessive dilution. 

The standard ** hypo" solution is made by dissolving 39.18 
grams of the crystallised salt (NajS^Oa-sHjO) in water and 
diluting to one litre. One hundred c.c. will equal one gram of 
copper. 

The starch solution is made by mixing i gram of starch into a 
thin paste with cold water, pouring it into 200 c.c. of boiling 

* 2CuS0, + 4KI = CU2T2 + 2I + 2K2SO,. 
t 2Na2S20, + 2I = 2NaI + Na^S^O,. 
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water, and continuing the boiling for a minute or so. The solu- 
tion must be cold before use, and about 2 c.c. is used for each 
assay. It should not be added until the bulk of the iodine has 
been reduced. 

To standardise the " hypo," weigh up 0.3 or 0.4 gram of pure 
copper, dissolve in 5 c.c. of dilute nitric acid, boil off nitrous fumes, 
and dilute with an equal bulk of cold 'water. Add " soda " solution 
until a permanent precipitate is obtained, and then i c.c. of acetic 
acid. This should yield a clear solution. Fill an ordinary burette 
with the " hypo." Add 3 grams of potassium iodide crystals to 
the copper solution, and, when these are dissolved, dilute to loa 
c.c. with water. Run in the " hypo " solution rather quickly until 
the brown colour is nearly discharged — i.e., to within 3 or 4 c.c. of 
the finish. Add 2 c.c. of the starch solution, and continue the ad- 
dition of the " hypo " a few drops at a time until the tint suddenly 
changes to a cream colour. The blue colour must not return on 
standing three or four minutes. Calculate the standard in the 
usual way. . 

In assaying ores, the copper is dissolved and separated with sul- 
phuretted hydrogen as in the other processes, but the sulphide 
should be washed more completely to ensure the absence of iron 
salts. 

The following experiments show the effect of variation in the 
conditions of the assay. Use a solution of copper sulphate con- 
taining 39.38 grams of copper sulphate crystals (CuSO^.sH^O) 
in the litre. 100 c.c. equal i.oo gram of copper. 

Effect of Varying Temperature. — The assay after the addi- 
tion of the potassic iodide must be kept cold,^else iodine may be 
volatilised. 

Effect of Varying Fotassinm Iodide. — In various descrip- 
tions of the process the amount of iodide required is variously 
stated at from "a few crystals" to as much as 10 grams. The 
proportion required by theory for i gram of copper is a little over 
5 grams: an excess, however, is required to keep the liberated 
iodine in solution. On economic grounds this excess should not be 
extravagant ; if the student uses 10 pai*ts of the iodide for each 
part of copper in the assay he will have sufficient. In the experi- 
ments there were used 20 c.c. of the copper sulphate, with varying 
amounts of potassic iodide, and the following results were got : — 

Potassic iodide added . • i-5 gram 3 grams 5 grams 
" Hypo " required . . 20.0 c.c. 20.0 c.c. 20.0 c.c. 

In these the iodide was added direct to the solution containing 
the copper, which was afterwards diluted to 100 c.c. and titrated. 
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In another series the iodide was added after the dilution to 

ICO C.C., and the results were : — 

Potassic iodide added 1.5 gram 3 grams 5 grams 10 grams 

"Hypo "required . 20.00.0. 20.10.0. 20.00.0. 20.00.0. 

EfTeot of Varying Bulk.— In these experiments, 20 c.c. of 
copper sulphate were taken, 3 grams of potassic iodide added, and 
also water to the required bulk. 

Bulk .... 20.0 c.c. 100.0 c.c. 200.0 CO. 5oaoc.c« 
"Hypo "required ., 20.0 „ 20.0 „ 20.0 „ 19.9 „ 

in the last of these experiments the colour was discharged at 
18 c.c, but gradually returned until 19.9 c.c. had been run in. It 
will be seen that considerable variation in bulk* does not interfere. 
Effect of Aoetio Aoid. — These experiments were like the 
last series mentioned, but the bulk was 100 c.c, and varying 
amounts of acetic acid were added. 

Aoetio aoid added . o o.c. i.o 0.0. 5.0 o.c. 10.0 c.c. 20.0 c.c. 
"Hypo" required . 20.0 „ 20.1 „ 20.1 „ 20.0 „ 20.2 „ 

Acetic acid, then, does not interfere to any serious extent. 

Effect of Varying Sodium Acetate. — ^These experiments 
were like those last mentioned, but without acetic acid, and with 
varying amounts of sodium acetate. 

Sodium acetate added • o gram i gram 2 grams 5 grams 10 grams 
" Hypo " required • . 20.0 0.0. 20.0 0.0. 2a2 0.0. 19.3 0.0. 18.2 c.o. 

In the 5 grams experiment, when the finishing point had been 
apparently reached the colour slowly returned ; but as the results 
generally on titrating were not satisfactory a repetition of the ex- 
periment was made with the addition of 5 c.c. of acetic acid, which 
gave an equally bad result. 

Effect of Foreign Salts. — ^The conditions of these experiments 
were the same as before. The salts were added and dissolved be- 
fore the addition of the potassium iodide. Using 5 grams (or in 
the case of the acids, 5 c.c), the results were as follows : — 

Salt added . 

" Hypo " required 

Salt added . 

" Hypo ** required 

The low result with the sulphate of soda was evidently due to 
the formation of a sparingly soluble double salt, which removed 
copper from the solution ; on adding a little acetic acid the full 
amount of " hypo" was required. The effect of the presence of 
certain metals is important. The method of determining it was 
to add the substance to the solution containing the copper, and 

L 



20.0 o.c. 


dilute 

H,SO, 

20.0 0.0. 


Aoetio 

acid 

20.1 0.0. 


NaAo 
19.3 0.0. 


NaCl 
20.1 O.C. 


KNO, 
20.2 0.0. 


Na,SO, 
18.7 0.0. 


AmCl 
20.0 o.c. 


Am^SO^ 
19.9 0.0. 
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partly precipitate with soda solution ; then treating with i clc. 
of acetic acid, adding the iodide, and proceeding as before. 

Sabstance Added. ** Hypo " Kcqaired. 

• 20. CO. 

0.050 gram arsenic as Asfi^ . • • • 20.0 „ 
0.050 „ antimony as SbCl, . . . 19.8 „ 

0.050 „ lead as Pb(NO,)j . . . . 20. i „ 

A similar experiment with 0.050 gram of bismuth nitrate could 
not be determined, the end-reaction being masked. Bismuth iodide 
is soluble in potassic iodide, forming a brown solution, the colour of 
which is very similar to that produced by iodine ; and although 
it does not strike a blue colour with starch, '^ hypo'' has an action 
on it. 

A similar experiment with 0.050 gram of iron as ferric chloride 
required 22.3 c.c. of " hypo," and the colour returned on standing. 
This shows that ferric acetate liberates iodine under the conditions 
of the assay. Trying to counteract this, by adding to a similar 
solution 0.5 gram of phosphate of soda* dissolved in a little 
water, 19.7 c.c. of "hypo" were required instead of 20.0, but the 
assay showed signs of returning colour. 

In standardising, the same result was obtained, whether the 
copper was present as nitrate or sulphate before neutralising. 

Effect of Varying Copper. — ^With the same conditions as 
before, but with varying amounts of copper and a proportionally 
increasing quantity of iodide, the results were : — 

Copper present . i.o c.c. lao c.c. 20.0 c.c. 50.0 c.c. 100.0 c.c. 
" Hypo " required . i.o „ lo.o „ 20.0 „ 50.0 „ 100.0 „ 

showing the results to be exactly proportional. 

Determination of Copper in Copper Pyrites. — Take 2 
grams of the dried and powdered ore and treat in a porcelain dish 
with 20 c.c. of nitric acid, and evaporate to dryness. Take up with 
30 c.c. of hydrochloric acid, dilute, and transfer to a pint flask ; make 
up with water to 200 c.c, warm, and pass sulphuretted hydrogen 
to excess. Filter, and wash the precipitate with water acidified 
with sulphuric acid. Wash the precipitate back into the flask, 
and dissolve with 15 c.c. of nitric acid. Evaporate almost to dry- 
ness ; add 20 c.c. of water, and boil till free from nitrous fumes ; 
filter off the sulphur and gangue ; neutralise with soda, avoiding 
excess ; add i or 2 c.c. of acetic add, and shake till clear. Add 5 
grams of potassium iodide, dilute to 100 c.c, and titrate. The fol- 
lowing is an example : — 

0.5 gram of copper required . . • S0.5 c.c. "hypo." 
The assay required .... 55.6 „ „ 

which is equal to 27.5 per cent, of copper. 

* For other experiments on this process, see a paper by J. W. West- 
moreland, Journad of the Society of CItemical IndiLStry, voL v. p. 48. 
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COLORIMETBIC PROCESS. 

This is based on the blue coloration of ammoniocal copper 
solutions. The quantity of copper in 100 c.c. of the assay solution 
should not be more than 15 milligrams, or less than half a milli- 
gram. It is not so delicate as most other colorimetric methods, 
but nevertheless is a very useful one. 

The manner of working is the same as that described under 
iron. 

Standard Copper Solution. — ^Weigh up 0.5 gram of electro- 
type copper, dissolve in 10 c.c. of nitric acid, boil off nitrous fumes, 
and dilute to i litre, i c.c. = 0.5 milligram. 

In nearly all cases it will be necessary to separate the copper 
with sulphuretted hydrogen from a solution of about 5 grams of the 
material to be assayed. The filter paper containing the sulphide 
{and, probably, much sulphur) is dried and burnt. The ashes are 
dissolved in 5 c.c. of dilute nitric acid, 10 c.c. of dilute ammonia 
added, and the solution filtered through a coarse filter into a 
Kessler tube, washing the paper with a little dilute ammonia. 

The estimation of the colour and calculation of the result are 
made in the way described on page 44. 

The effect of varying conditions on the assay may be seen from 
the following experiments. 

Effect of Varying Temperature. — The effect of increased 
temperature is to slightly decrease the colour, but this can only 
be observed when a fair quantity of copper is present. 

1.0 C.C. at 15** showed the colour of 1.0 c.c. at 70° 

^•5 f» »» »» >» 2.7 n 

S-o » » » >» 5*0 " 

lo.o „ „ „ „ 9.0 „ 

Effect of Varying ilLmmonia. — The solution must, of comse, 
contain free ammonia ; about 5 c.c. of dilute ammonia in 50 c.c. 
bulk is the quantity to be used in the experiments. A lai-ger 
quantity affects the results, giving lower readings and altering 
the tint. With small quantities of ammonia the colour approaches 
a violet ; with larger, a sky-blue. 

2.5 c.c. with 25 c.c. of strong ammonia read 2.2 c.c. 

5'^ »» >» » ji »» 4-0 «» 

10.0 „ ,y „ „ „ 0.0 ,t 

Effect of Amnionic Salts. — ^The following table shows the 
results after addition of ammonic salts : — 
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C.c. PreMnt, 


With xo irrams \ With 10 gnims 
Amnionic Nitrate. Amnionic Chloride. 


With xo ^ams 
Amroonic Sulphate. 

2.0 

ti 


2.5 

5.0 
10.0 


2.5 

5.0 
10.0 


2.5 

5.3 

IO.O 



These show that sulphates should be avoided, and either nitrate 
or chloride solutions be used in the standard as well as in the^ 
assay. 

Determination of Copper in a Manganese Ore. — ^Ti*eat 3. 
grams of the ore with 20 c.c. of hydrochloric acid, and evaporate 
to dryness. Take up with 10 c.c. of hydrochloric acid ; dilute to* 
about 200 c.c, and pass sulphuretted hydrogen until the solutioni 
smells of the gas ; filter, burn, take up with 5 c.c. of dilute nitric* 
acid, add 10 c.c. of dilute ammonia, and filter into the Nessler^ 
tube, and make up with the washings to 50 c.c. Into the "stand- 
ard" tube put 5 c.c. of dilute nitric acid and 10 c.c. of dilute 
ammonia. Make up to nearly 50 c.c. with water, and run in the 
standard copper imtil the colours are equal. In a determination'. 
4 c.c. ( = 2.0 milligrams of copper) were required ; this in 3 grams- 
of ore = 0.07 per cent. 

Determination of Copper in " Black Tin." — Weigh up 3; 
grams of the dried ore, boil with 10 c.c. of hydrochloric acid, andi 
afterwards add i c.c. of nitric ; boil off nitrous fumes, evaporate- 
to about 5 c.c, dilute to 50 c.c, add 20 c.c. of dilute ammonia;: 
stir, and filter. If much iron is present, dissolve the precipitate of 
ferric hydrate in acid, and reprecipitate with ammonia. Mix the 
two filtrates, and dilute to 100 c.c. Take 50 c.c. for the test. A 
sample of 3 grams of an ore treated in this way required 5.2 c.c. 
of standard copper to produce equality of ^ tint. This gives 0.35: 
per cent. 

Determinationof Copper in Tin. — Weigh up 5 grams of the 
granulated sample, and put in an evaporating dish ; cover with 
30 c.c of hydrochloric acid, add 5 c.c. of nitric acid, and, when 
dissolved, evaporate to a paste. Take up with 5 c.c of dilute hydro- 
chloric acid, add 10 grams of potash dissolved in 30 c.c. of water,, 
and warm the solution till clear. Dilute to 100 c.c. Pass sulphu- 
retted hydrogen for three minutes ; boil, cool, and filter. Wash 
the precipitate into a flask, add 5 c.c. of nitric acid, and boil down 
until the sulphide is dissolved. Add 20 c.c of dilute ammonia, 
and make up the bulk with water to 250 c.c. Filter off 50 c.c, and 
determine the copper colorimetrically. Five grams of a sample of 
tin containing 0.5 per cent, of copper was treated in this way, 
and 30 milligrams of copper added: 55 milligrams were found,. 
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"(vhich, after deducting the copper in the original tin, leaves 30 
milligrams. 

EXAMINATION OF COMMEBCIAIi COFFEB. 

Tery pure copper can be obtained in commerce, owing to the 
demand for metal of " high conductivity " for electrical purpoees, 
which practically means for metal free from impiuities. 

Much of the metal sold contains as much as one per cent, of 
foreign substances, of whidi arsenic is tlie most important. The 
other elements to be looked for are bismuth, lead, antimony, 
silver, gold, iron, nickel, cobalt, sulphur, and oxygen. In " blister 
copper" (which is the unrefined metal), aluminium, silicon, and 
phosphorus may be met with. 

Oxygen. — All commercial copper carries oxygen ; most of it is 
present as cuprous oxide, which is dissolved by molten copper. 
The estimation of oxygen is often made " by dilfference." The 
copper and the other impurities being determined, the rest is as- 
sumed to be oxygen. Probably this is nearly correct, but the 
whole of the oxygen should not be ascribed to cuprous oxide ; for 
any arsenic the metal contained would be present as cuprous 
iirsenite, since arsenide of copper and cuprous oxide could not 
exist together at the temperature of fusion without interacting. 
Jn the report of the analysis, it is best to state the proportion of 
oxygen thus : — 

Oxygen per cent, by difference. 

There is a method of direct determination by fusing 5 or 10 
grams in a brasqued crucible, and counting the loss as oxygen ; 
and another method for the determination of cuprous oxide based 
on the reaction of this substance with nitrate of silver.* About 
2 grams of silver nitrate, dissolved in 100 c.c. of water, is 
allowed to act upon i gram of the copper in the cold. The pre- 
oipitate is filtered off, washed thoroughly with water, and the basic 
>ialt dissolved and determined colorimetrically. 

One part of copper found represents 1.68 part of cuprous 
oxide, or 0.19 part of oxygen. Copper generally carries from o.i 
to 0.2 per cent, of oxygen. 

Silver is found in most samples, but occurs in variable propor- 
tions ; when it amounts to 30 ounces per ton it has a commercial 
value. To determine its amount, dissolve 10 grams of the copper 
in 35 c.c. of nitric acid and 50 c.c. of water, boil off nitrous fumes, 
iind dilute to about 100 c.c. Three or four drops of dilute hydro- 

* 3CU2O + 6AgN0, + 3H.O = 2Cu,^H,0,N0, + 2Cu(N0,)j + 6Ag. 

(Insoluble uosio salt.) 
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» 
chloric acid (one to five of water) are added, stirred in, and the 
precipitate allowed to settle for twenty-four hours. Filter through 
a double Swedish paper, dry, burn, and cupel the ashes with one 
gram of sheet lead. 

Ten grams of a sample of copper gave in this way 4.7 milligrams 
of silver. Ten grams of the same copper, to which 24 milligrams 
of silver had been added gave 28.2 milligrams. 

Gold. — To determine it, dissolve 10, 20, or 50 grams of the 
sample in 35, 70, or 175 c.a of nitric acid and an equal volume of 
water, boil till free from nitrous fumes, and dilute to double its- 
volume. Allow to stand for some time, decant on to a filter, dry, 
burn, and cupel the ashes with i gram of sheet lead. If silver is- 
present, OAving to traces of chlorides in the re-agonts used^ 
"parting" will be necessary. (See Gold.) 

Working in this way on 20 grams of copper, to which 1.8 mil- 
ligram of gold had been added, a button weighing 2.0 milligrams> 
was obtained. 

Antimony is not a frequent impurity of copper : it can bo 
detected in quantities over o.i per cent, by a white i-esidue of 
Sb,0^, insoluble in nitric add. With material containing only 
small quantities of antimony the white oxide does not show itself 
for some time, but on long-continued boiling it separates as a fine 
powder. It is best (when looking for it) to evaporate the nitric 
acid solution to the crystallising point, to add a little fresh nitric 
acid and water, and then to filter off the precipitate. After 
weighing it should be examined for arsenic and bismuth. 

Iiead. — Refined coppers are often free from lead, anything 
more than traces being seldom found ; in coarse coppers it is some- 
times present in considerable quantities. 

Its presence may be detected in the estimation of the copper elec- 
trolytically, the platinum spiral becoming coated with a brown or 
black deposit of lead dioxide. The depth of colour varies with the 
lead present, and obviously could be made the basis of an approxi- 
mate estimation. The colour shows itself within an hour or so, 
but is best observed when all the copper has been deposited. 

Electrolysing a solution of one gram of pure copper, to which 0.5 
milligram of lead had been added, the deposit was dark brown ;; 
in a similar solution with i milligram of lead it was much darker, 
and with 2 milligrams it was black. Under the conditions of the 
assay the dioxide cannot be weighed, as it partly dissolves on, 
breaking the current. When lead has been found, its quantity 
may be estimated by evaporating to dryness the nitric acid 
solution to which an excess of sulphuric acid has been added,, 
t^ing up with water, and filtering off and weighing the lead 
sulphate. 
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The separation of traces of lead as chromate is a fairly good 
one. Dissolve 5 grams of the copper in 1 7 c.c. of nitric acid and 
an equal volume of water ; boil off nitrous fumes, neutralise with 
soda, and afterwards acidulate with acetic acid ; and dilute to a 
litre. Add 20 grams of sodium acetate, warm, and precipitate 
the lead with a dilute solution of potassium chromate. Copper 
chromate (yellow) may be at the same time thrown down, but it 
is readily soluble on diluting. Filter off the precipitate ; wash it 
into a beaker and pass sulphuretted hydrogen ; oxidise the sul- 
phide and weigh as lead sulphate. Treated in this way 5 grams 
of copper yielded sulphate of lead equal to 2.0 milligrams of lead. 
Five grams of the same sample to which 10 milligrams of lead 
were added gave 11.4 milligrams. 

If iokel and Cobalt. — Nickel is always present in larger or 
smaller quantities in commercial copper, and, perhaps, has an 
influence on the properties of the metal. It is determined as 
follows : — Dissolve 10 grams of the copper in 35 c.c. of nitric 
acid and an equal bulk of water, boil off nitrous fumes and 
neutralise with soda, add 2 grams of carbonate of soda dissolved 
in water, boU, and filter. Acidify the filtrate with 2 or 3 cc. of 
dilute nitric acid and dilute to i or i^ litres. Pass sulphuretted 
hydrogen through the cold solution till the copper is all down and 
the liquid smells of the gas. Filter and evaporate the filtrate to 
a small bulk, and determine the nickel by electrolysing the 
solution rendered ammoniacal, or by precipitating as sulphide 
and weighing as sulphate. (See under Nickel.) The precipitate, 
after weighing, should be tested for cobalt. If present it is 
separated with potassium nitrite as described under CohaU. Ten 
grams of copper gave 6.0 milligrams of nickel ; and another lot 
of 10 grams of the same copper, to which lo.o milligrams of 
nickel had been added, gave 17.2 milligrams. 

Sulphiir. — The amount of sulphur in refined copper is very 
small, seldom exceeding 0.005 per cent. In coarse copper, as 
might be expected, it is found in larger quantities. 

In determining it, it is first converted into sulphuric acid, 
and then precipitated and weighed as barium sulphate. The pre- 
cipitation cannot be effected from a nitric acid solution. Ten 
grams of copper are dissolved in nitric acid, as for the other deter- 
minations, and then boiled with excess of hydrochloric acid till 
the nitric acid is completely removed. There is then added a few 
drops of a dilute solution of baric chloride, and the solution is 
allowed to stand for some hours. The baric sulphate is filtered 
off and weighed. 

The necessity for precipitating from a hydrochloric acid solution 
is seen from the following determinations. In each experiment 
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lo grams of copper was used, and a known weight of sulphur, 
in the form of copper sulphate, added. 



Sulphur added. 


Sulphur found in Hydro- 
chloric Acid Solution. 


Sulphur found in Nitric 
Acid Solution. 


5 milligrams 

lO 

15 


8 milligrams 
II 
17 


0.03 milligrams 
0.03 
12.00 „ 



Bismuth. — Nearly all samples of copper contain bismuth, 
but only in small quantities. It is best determined colorimetrically 
as described under BiamtUh. The method of concentrating and 
preparing the solution for colorimetric assay is as follows. Dis- 
solve 10 grams of copper in nitric acid, as in the other deter- 
minations; neutralise with soda; add i or 1.5 grams of bicar- 
bonate of soda and boil for ten minutes ; filter, dissolve the pre- 
cipitate in hot dilute sulphuric acid ; add sulphurous acid and 
potassium iodide in excess, and boil till free from iodine. Filter 
and dilute to 500 c.c. Take 50 c.c. of the yellow solution for 
the determination. A few c.c. of a dilute solution of sulphurous 
acid (i in 100) will prevent the liberation of iodine. The follow- 
ing experiments test the method of separation. Ten grams of 
copper were treated as above and precipitated with 1.5 gram of 
" soda ; " the precipitate contained 0.6 milligram of bismuth 
( = 0.006 per cent.). The filtrate treated with another 1.5 gram of 
" soda" gave a precipitate which was free from bismuth. To the 
filtrate from this was added i.o milligram of bismuth, and 
another fraction was precipitated with 1.5 gram of " soda." In 
this precipitate was found i.o milligram of bismuth. To the 
filtrate another milligram of bismuth was added and the separation 
with "soda" repeated. The bismuth was separated from this 
precipitate with ammonic carbonate before determination, and 
0.9 milligram was found. 

Arsenio. — The proportion of arsenic in copper varies from 
0.0 1 to 0.75 per cent, whilst in coarse copper it may amount to 
2 or even 3 per cent. To determine it, dissolve 5, 10, or 20 grams 
of the copper (according to the amount of ai'senic present) in 
18 c.c, 35 c.c, or 70 c.c. of nitric acid, and an equal volume of 
water. Boil off the nitrous fumes, dilute to 100 c.c and neutra- 
lise with soda ; add 1.5 or 2 grams of carbonate of soda dissolved 
in a little water, and boil. Filter (washing is unnecessary) and 
dissolve back into the flask with a little dilute hydrochloric add ; 
add 30 C.C. of dilute ammonia and 25 c.c. of "magnesia mixture," 
and allow to stand overnight. The whole of the arsenic is pre- 
cipitated as aihmonic-magnesic arsenate in one hour, but it is 
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advisable to leave it longer. The precipitate may be dried and 
weighed, or, better, titrated with uranium acetate. (See Arsenic,) 
To test this method of separation 10 grams of pure copper were 
taken and 0.200 gram of arsenic dissolved with it. The 
arsenic was determined by titration with uranium acetate, and 
o. 200 gram was found. Two other similar experiments with 0.080 
and 0.0 10 gram of arsenic added, gave 0.079 ^^^ 0.012 gram re- 
spectively. 

Antimony or bismuth may be present without interfering with 
the titration. With o.ioo gram of antimony and o.ioo gram of 
arsenic, o.ioo gram of arsenic was found ; and in another case, 
with O.IOO gram of bismuth and 0.060 gram of arsenic, 0.060 gram 
was found. In these experiments the antimony and bismuth 
were present in the assay solution when titrated. For a gravi- 
metric determination they would require to be removed before 
precipitating with '' magnesia mixture." 

Phosphorus, if present, counts as arsenic in the proportion of 
I to 2.4; but, except in the case of coarse coppers, it is always 
absent. 

Iron, if present, interferes by forming a white flocculent pre- 
cipitate of ferric ai'senate after the addition of the sodium acetate 
and preliminary to the titration. Each milligram of iron abstracts, 
in this way, 1.3 milligrams of ai'senic. 

Iron. — Refined coppers carry traces of iron, varying from 
0.00 1 to 0.0 1 per cent. It is best determined during the arsenic 
estimation. The precipitate of the ammonic-magnesic arsenate 
will contain the whole of the iron as ferric hydrate. On dissolv- 
ing in hydrochloric acid, neutralising with ammonia, adding 5 c.c. 
of sodic acetate, diluting, and boiling, it reappears as a white 
precipitate of ferric arsenate. It is filtered off (the arsenic being 
estimated in the filtrate), dissolved in warm hydrochloric acid, 
and determined colorimetically as described under Iran, A series 
of experiments testing the separation is there given. 

Phosphorus. — Refined coppers do not carry phosphorus, 
although it may be present in ** coarse copper " up to i per cent, or 
more. In such samples the following method is adopted for the 
estimation of both phosphorus and arsenic. Dissolve 10 grams 
of copper and o.i, 0.2, or 0.3 gram of iron wii-e (according to 
the amount of arsenic and phosphoi-us present) in 35 c.c. of nitric 
acid and an equal volume of water. Add soda till the free acid 
is nearly neutralised. Next add a strong solution of sodium 
acetate, until the solution ceases to darken on further addition, 
then dilute with water to half a litre. The solution is best con- 
tained in a large beaker ; it is next heated to the boiling point, 
and at once removed and allowed to settle. If the precipitate is 
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light coloured it is evidence that sufficient iron has not been 
added, or, if it is green, from basic copper salts, it shows that the 
solution was not sufficiently acid. In either case start afresh. 
Filter off the precipitate and wash with hot water containing 
a little sodium acetate, dissolve it off the j&lter with hot dilute 
hydrochloric acid, add ammonia in excess, and pass sulphuretted 
hydrogen for five minutes. Warm at about 70** C. for a quartei*^ 
of an hour. Filter. The clear yellow filtrate contains the- 
arsenic and phosphorus. Add dilute sulphuric acid in excess; 
filter off the yellow precipitate of sulphide of arsenic, dissolve it 
in nitric acid, and titrate with uranium acetate, as described under 
Ara&nic, 

The filtrate from the sulphide of arsenic is rendered alkaline 
with ammonia and " magnesia mixture " added. The solution is- 
stirred, and allowed to stand overnight. The precipitate of 
ammonic-magnesic phosphate is filtered off, dissolved, and titrated 
with uranium acetate, using the same standard solution as i& 
used in the arsenic assay : 0.5 gram of arsenic equals 0.213 gram 
of phosphorus. 

Copper. — The method of determining this has been described 
under Electrolytic Assay, 

In the method of concentration by fractional precipitation with 
sodic carbonate (which is adopted in most of these determinations) 
the precipitate will contain all the bismuth, iron, and alumina ; 
the arsenic and phosphorus as cupric arsenate and phosphate ; and 
the greater part of the lead, antimony, and silver. The nickel 
and cobalt, and the sulphur as sulphuric acid, will remain in 
solution with the greater part of the copper. 

PRACTICAL EXERCISES. 

1. According to a wet assay 2 grams of a certain ore contained 0.3650 

gram of copper. What would you expect the dry assay produce 
to be? 

2. A standard solution is made by dissolving 25 grams of potassic 

cyanide and diluting to a litre. Assuming the salt to be 98 per 
cent, real cyanide, what would 100 c.c. of the solution be equiva- 
lent to in grams of copper ? 

3. How would you make a solution of " hypo " of such strength that 

100 c.c. shall equal 0.633 grani of copper ? 

4. What weight of ore, containing 17.0 per cent, of copper, would you 

take in order to get about 0.5 gram of copper in solution for 
electrolysis ? 

5. The solution of copper in nitric acid is effected by the following 

reaction : — 

3Cu + 8HN0, = 3Cu(N0,), + 4H,0 + 2NO. 
What volume of nitric acid will be required to dissolve i gram of 
copper ? 
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LEAD. 

The chief ore of lead is galena, a sulphide of lead, common in 
most mining districts, and frequently associated with blende and 
copper-pyrites. It always carries more or less silver ; so that in 
the assay of the ore a silver determination is always necessary.. 
Carbonate (cerussite), sulphate (anglesite), and phosphate (pyro- 
morphite) of lead also occur as ores, but in much smaller 
quantities. 

Lead ores are easily concentrated (owing to their high specific- 
gravity, (fee.) by mechanical operations, so that the mineral matter 
sent to the smelter is comparatively pure. 

Lead is readily soluble in dilute nitric acid. The addition of 
sulphuric acid to this solution throws down heavy, white, and 
insoluble lead sulphate. 

Galena is soluble in hot hydrochloric acid, sulphuretted hydrogen 
being evolved ; but the action is retarded by the separation of the 
sparingly soluble lead chloride. If a rod of zinc is placed in this 
solution, metallic lead is precipitated on it as a spongy mass, the 
lead chloride being decomposed as fast as it is formed. The' 
opening up of the ore is thus easily effected, the sulphur going- 
off as sulphuretted hydrogen, and the lead remaining in a 
form easily soluble in dilute nitric acid. Galena itself is readily 
attacked by nitric acid, part of the lead going into solution, 
and the rest remaining as insoluble lead sulphate. The sulphate 
is due to the oxidation of the sulphur by nitric acid ; its amount 
will vary with the quantity and concentration of the acid used.. 
Sulphate of lead is soluble in solutions of ammonium or sodium 
acetate ; or it may be converted into carbonate by boiling with 
carbonate of soda. The carbonate, after washing off the sulphate 
of soda, dissolves easily in nitric acid. The precipitation of lead 
from acid solutions with sulphuric acid, and the solubility of the- 
precipitate in ammonium acetate, distinguishes it from all other 
metals. The addition of potassium chromate to the acetate solu- 
tion reprecipitates the lead as a yellow chromate. 

DRY ASSAY. 

The dry assay of lead is largely used, but it is only applicable 
to rich or concentrated ores, and even with these only gives- 
approximate results. Both lead and lead sulphide are sensibly 
volatile at a moderately-high temperature ; hence it is necessary 
to obtain a slag which is easily fusible. As a reducing agent iron 
is almost always used, and this is added either in the form of an 
iron rod, or the crucible itself is made of this metal. The flux 
used is carbonate of soda. 
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When a clay crucible is used, the method of working is as 
follows: — ^Weigh up 25 grams of the dry and powdered ore, mix 
-with an equal weight of "soda" and 2 grams of tartar; place in 
•a crucible (E. Battersea round), and then insert a piece of iron 
rod about half an inch in diameter, and of such a length that it 
will just allow the crucible to be covered. The rod should be 
pushed down so as to touch the bottom of the crucible, and the 
mixture should be covered with a sprinkling of borax. Place in a 
furnace heated to, but not above, redness, and cover the crucible. 
In about twenty minutes the charge will be fused : the fusion is 
complete when bubbles of gas are no longer being evolved ; and 
then, but not till then, the iron is withdrawn, any adhering buttons 
of lead being washed off by dipping the rod a few times in the 
slag. Cover the crucible, leave it for a minute or two, and then 
pour. Detach the slag, when cold, by hammering. The weight 
of the button multiplied by 4 gives the percentage. The com- 
moner errors of students in working the process are too high a 
temperature and too quick a withdrawal. 

A sample of ore treated in this manner gave on duplicate assay 
17.5 and 17.6 grams of lead, equalling 70.0 and 70.4 per cent, 
respectively. By wet assay the sample gave 73.3 per cent. Using 
an iron crucible, the results will be i per cent, or so higher. The 
crucible must be made of wrought iron } and, if it has been pre- 
viously used, should be cleaned by heating to dull redness and 
scraping the scale off with a stirrer. Take 30 grams of the ore, 
mix with 30 grams of " soda " and 3 grams of tartar ; put the 
mixture in the crucible, and cover with a sprinkling of borax ; 
heat for about twenty minutes at not too high a temperature, 
4md then scrape down the slag adhering to the side with a 
stirrer. Leave in the furnace till action has ceased. Before 
pouring, tap the pot gently, and then tilt it so as to make the 
iilag wash over the part of the crucible along which the charge is 
to be poured. Pour ; and, when cold, clean and weigh the button 
of metal. A crucible may be used from ten to twenty times. 

These assays are for ores containing the lead chiefly as sul- 
phide. For oxidised ores, charcoal or tartar is employed as the 
reducing agent. The student may practise on red lead as fol- 
lows : — Take 30 grams of red lead ; mix with lo grams each of 
borax and " soda " and about 1.5 gram of powdered charcoal ; place 
in a small clay crucible with a cover (C. Battersea round), fuse at 
a gentle heat, and pour when action ceases. This assay will only 
take a few minutes. 

"Where lead is present as phosphate (as in the case of pyro- 
morphite), or mixed with phosphates (as sometimes happens), 
.carbonate of soda is a suitable flux ; but the phosphate of soda 
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tvhicli is formed makes a thick tenacious slag, which is very apt- 
to be carried out of the pot by the escaping gas. A wide-mouthedi 
clay pot is taken and a little fluor spai* added. For the assay of 
pyromorphite the following charge maybe used : — Ore, 20 grams; 
" soda/* 25 grams; tartar, 7 grams ; and fluor spar, 5 grams ; and 
2 ^ms of borax as a cover. This will melt down in about ten 
minutes, and should be poured as soon as tranquil. 

WET ASSAY. 

In the case of galena the best method of getting the lead into» 
solution is to treat with hydrochloric acid and zinc. Put i gram 
of the ore in an evaporating dish 4 inches across, and cover with 
10 c.c. of dilute hydrochloric acid. Heat till the evolution of 
sulphuretted hydrogen becomes sluggish, and then drop in a piece 
of zinc rod. If the solution effervesces too strongly, dilute it. 
Continue the heating until the sulphide is seen to be all dissolved ;. 
pour off the liquid and wash twice with cold water. Peel off the 
precipitated lead with the help of a glass rod, and then clean the 
zinc. Cover the lead with 20 c.c. of water and 5 c.c. of dilute- 
nitric acid, and heat gently till dissolved ; all the lead will be in 
solution, and, when filtered off from the gangue, will be ready for* 
a gravimetric determination. For volumetric work this filtering 
is unnecesisary. 

The chief objection to this method is that commercial zinc 
carries considerable quantities of lead. Although this can be 
determined and allowed for, the correction required is in most 
cases too large to be satisfactory. The following method is 
applicable in all cases, but is more troublesome : — Treat i gram 
of the ore with 10 c.c. of dilute nitric acid in an evaporating dish 
covered with a clock-glass, and evaporate till nearly dry. Take 
up with 50 c.c. of water, and add 10 c.c. of dilute sulphuric acid. 
Filter. The residue contains the lead as sulphate, together with 
the insoluble matter of the ore and globules of sulphur. Warm 
with a solution of ammonium acetate, and filter. The lead will 
be in the filtrate, and is recovered in a state fit for direct gravi- 
metric estimation by the addition of dilute sulphuric acid. If the 
volumetric method is to be used, the lead sulphate should be 
dissolved out with a solution of sodium acetate instead of with 
the ammonium salt solution. 

GRAVIMETRIC DETERMINATION. 

The lead is separated and precipitated as sulphate, as already 
described. The solution must be allowed to stand, and the clear 
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liquid be decanted through a filter. Transfer the precipitate, and 
wash with very dilute sulphuric acid (i or 2 c.c. in 100 c.c. of 
water). The acid must be completely removed with one or two 
washes with cold water, and then with alcohol. The volume of 
liquid required for washing is small, as the precipitate is dense 
and easily cleaned ; but the washing must be carefully done, since 
if any add remains it will, on drying, char the paper, and render 
the subsequent work troublesome. Dry, transfer to a watch-glass, 
and burn the filter paper, collecting its ash in a weighed porcelain 
crucible. The filter paper must be freed as much as possible from 
the lead sulphate before burning, and the ash treated with a drop 
or two of nitric and sulphuric acids. Transfer the lead sulphate 
to the crucible; ignite gently, keeping the temperature below 
xedness ; cool, and weigh. The precipitate will contain 73.6 per 
'Cent. of lead. 

Determination of Lead in Commeroial Zino. — Take 10 
^ams of zinc, and treat (without heating) with 60 c.c. of dilute 
hydrochloric acid. When the zinc is nearly all dissolved, decant 
off the clear liquid, and dissolve the residue in 2 c.c. of dilute 
nitric acid. Evaporate till most of the acid is removed ; dilute to 
20 or 30 c.c. with water, and add 10 c.c. of dilute sulphuric acid. 
Filter off, and weigh the lead sulphate. Ten grams treated in 
this way gave — 0.16 10 gram of lead sulphate^ equivalent to i.io 
per cent, of lead. 

VOLUMETRIC METHOD. 

This is based upon the reaction between chromate of potash 
and soluble lead salts in neutral solutions, whereby an insoluble 
yellow chromate of lead is produced.* An excess of the chromate 
is required to complete the reaction, so that the point at which an 
indicator shows the presence of undecomposed chromate cannot 
be satisfactorily taken as the finish. Therefore an excess of the 
standard chromate must be run in, and such excess determined. 

Chromate of lead is not precipitated from strong nitric acid 
solutions, and only incompletely from dilute ones. Adds gener- 
ally are detrimental to the precipitation, and must be neutralised 
before titrating. If the lead is present as sulphate in sodic 
acetate solution, it is well to render it distinctly alkaline with 
•ammonia. 

Lead chromate precipitated in the cold is a lemon-yellow, light 
precipitate, very difficult to filter : on heating to 40° C. the colour 
becomes orange ; at 60° C. it assumes a deeper hue, and becomes 

* K,CrO, + PblNO,)^ = PbCrO, + 2KNO,. 
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fiocculent ; and at a boiling temperature it still further darkens 
and settles readily. These changes in colour are not due to any 
chemical change, as will be seen by testing the filtrate for chromium 
or lead : this is an advantage to the assay, since it is only at the 
higher temperature that the precipitate can be easily filtered. 
The lead is not completely precipitated, but the amount remain- 
ing in solution is only 2 or 3 milligrams, which is just sufficient 
to give a dark coloration with sulphuretted hydrogen. 

The standard chroniate 0/ potash solution is made by dissolving 
7.13 grams of bichromate of potash and 2.0 grams of caustic soda 
in water, and diluting to i litre ; or 9.40 grams of the neutral 
chromate (K,CrO^) may be dissolved and diluted to i litre : 100 
c.c. will be equivalent to i.ooo gram of lead. 

Standard Lead SoliUion, — 16 grams of nitrate of lead (PbCNOj),) 
are dissolved in water -and diluted to i litre; 100 c.c. will contain 
I.ooo gram of lead. 

Acetate of Soda Solution, — 250 grams of the crystallised salt 
(NaAc.3H,0) are dissolved, and diluted to i litre. Use 40 c.a 
for each assay. 

In the titration the assay solution should measure 150 to 20c 
C.C., and should be boiling or nearly so. It is best contained in a 
pint flask, and the standard chromate solution used with an ordi- 
nary burette. Run in the chromate solution in a steady stream 
until the whole of the lead has been precipitated. The amount 
required for this may be calculated : for example, i gram of an 
80 per cent, ore would require 80 c.c. A drop or two of the 
assay may be tested on a plate with neutral nitrate of silver solution. 
If a reddish colour is not developed, then run in 2 c.c. more of the 
standard solution and contmue this addition till a colour is shown. 
After this run in another c.c. to ensure an excess, dilute to 
250 c c, and heat to boiling; allow to settle for three or four 
minutes, filter off 50 c.c. into a Nessler glass, and determine the 
excess of chromate colorimetrically. The excess found in the 
50 c.c. must, of course, be multiplied by five, and then be deducted 
from the quantity of chromate originally run into the assay solu- 
tion. The quantity to be deducted should not exceed 3 c.c. 
Where a large number of determinations are made the colori- 
metric estimation is facilitated by using a series of standard phials 
similar to those described under the Electrolytic Copper Assay. 
The determination is rendered sharper and less liable to error by 
the addition of a few drops of acetic acid to convert the chromate 
into bichromate. The same chromate solution must be used in 
this determination as was used in the precipitation. 

In standardising the chromate solution, the standard lead 
nitrate solution is used. A quantity containing about as much 
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lead as the assay is supposed to contain is measured off, rendered 
alkaline with caustic soda, and then neutralised with acetic acid, 
using a small piece of litmus paper dropped into the solution as 
indicator. Then dilute, boil, and titrate. When the lead in the 
assay has been separated as sulphate and dissolved in sodic acetate, 
less chromate is apparently required, and in this case it wUl be 
necessary to precipitate the lead in the standard with an equi- 
valent of sodic sulphate and redissolve in sodic acetate just as in 
the assay. In these solutions (although there is considerable 
chromate in excess) a further addition of 5 or 6 c.c. of the chro- 
mate solution will cause a further precipitate. The following 
experiments show the effect of variation in the conditions of the 
assay: — 

Effect of Varying Temperature. — ^Twenty c.c. of lead 
nitrate solution and 10 grams of sodium acetate were used; 
diluted to 200 c.c, heated to the desired temperature, and 
titrated. The results were : — 

Temperature . , 15° 30° 50° loo** 

" Chromate" required . 19.8 c.c. 19.5 c.c. 19.3 c.c. 19.2 c.c. 

The first two of these filtered badly, the precipitate coming 
through the filter ; the last was very satisfactory in the working. 

Effect of Varying Biilk.-.-Using 20 c.c. of lead nitrate, and 
10 grams of sodium acetate as before, diluting to the required 
bulk, heating to boiling, and titrating, the results were : — 

Bulk . . . loo.oc.c. 200.0 c.c. 500.0 c.c. looaoc.c. 
" Chromate " required 19.6 „ 19.3 „ 19.4 „ 19.4 „ 

Effect of Varying Acetic Acid.— Since the experiments are 
carried out in the presence of sodic acetate, acetic acid is the only 
acid whose effect need be considered. Working as before, but 
with 200 c.c. bulk and varying amounts of the acid, the results 
were : — 

Acid" present , . — 10.0 c.c. 20.0 c.c. 40.0 c.c. 

«* Chromate " required 19.7 c.c. 19. i „ 18.5 „ 17.3 „ 

These experiments show that only sHght quantities of acid are 
admissible. 

Effect of Varying Sodium Acetate. — ^With the same con- 
ditions as before, but with varjring weights of sodium acetate, 
the results were : — 

Sodium acetate present — 5 grams 10 grams 25 grams 50 grams 

" Chromate " required . 19.70.0. 19.60.0. 19.6 c.c. 18.8 c.c. 17.80.0. 

These experiments show that excessive quantities of sodium 
acetate must be avoided. Ammonium acetate interferes to a 
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greater extent, and if both acetic acid and this salt are present, 
each exerts its disturbing influence. With 10 grams of ammonium 
a^;etate, 19.4 c.c. of the chromate solution were required instead of 
19.7 c.c. in the absence of this salt; with 10 grams of the acetate 
and 10 C.C. of acetic acid, only 18.6 c.c. were required. 

Sffeot of Foreign Salts. — As already stated, sulphates inter- 
fere. Twenty c.c. of the lead nitrate solution were taken, precipi- 
tated with sulphate of soda, and the precipitate dissolved in 
10 grams of sodium acetate and titrated as before. Duplicate 
experiments required 18.6 c.c. and 18.7 c.c. of the chromate solu- 
tion. A similar experiment with 40 c.c. of lead nitrate required 
37.4 c.c. of chromate. If the sulphate had not been present, the 
results would have been 19.7 c.c. and 39.4 c.c. respectively. 

Effect of Varying Lead. — In these experiments the condi- 
tions were as before, but with varying amounts of lead. 

Lead nitrate solntion present lo.o c.c. 20.0 c.c. 50.0 c.c. loo.o c.c. 
Chromate solution required . 9.4 „ 19.7 „ 48.8 „ 98.2 „ 

Determination of Lead in Galena. — ^Weigh up i gram of 
the powdered and dried ore, and boil in an evaporating dish with 
10 c.c. of dilute hydrochloric acid. When the action becomes 
sluggish, dilute with an equal bulk of water, and add a weighed 
piece of zinc rod about i inch long and quarter-inch across. Keep 
up a moderate action by warming till the ore is seen to be com- 
pletely attacked. Decant off the solution, wash once with water, 
strip off the metalHc lead, and wash and weigh the remaining 
zinc. Dissolve the lead in 5 c.c. of dilute nitric acid, and an equal 
volume of water with the aid of heat. Dilute and transfer to a 
pint flask ; add a slight excess of caustic soda, and render faintly 
acid with acetic acid. Dilute to 150 c.c, heat to boiling, and run 
in the standard chromate in slight excess, noting the amount re- 
quired, and make up to 250 c.c. with water. Boil the solution, 
allow to settle for a minute or so, filter off 50 c.c, and determine 
the excess of chromate colorimotrically. As an example, i gram 
of an impure galena was precipitated with 75 c.c. of standard 
chromate (100 c.c. = 1.020 gram lead). The excess found in 50 c.c. 
was 0.3 c.c, which, multiplied by 5, gives 1.5 c.c as the excess in 
the whole solution. The remaining 73.5 c.c of " chromate " re- 
quired by the assay, are equivalent to 0.7497 gram of lead. The 
zinc used up weighed 1.5 grams, and contained 0.0165 gram of 
lead. Thus we get — 

Lead in the assay • . • • 0.7497 gram 
Lead from the zinc • • .0.0x65 „ 

.•. Lead in the galena . . • • 0.7332 „ 

Equivalent to 73.3 per cent. 

Iff 
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Another sample, in which the galena was accompanied with a 
large quantity of pyrites, gave the following results: — Three 
grams were treated with 30 c.c. of dilute hydrochloric acid and 
a rod of zinc. The zinc and lead were carefully transferred to 
another vessel, the zinc cleaned, and the lead (dissolved in 5 c.c. 
of dilute nitric acid and 20 c.c. of water) treated as before. 

14.5 c.c. of the chromate were required = 0.1497 gram lead 
Lead in 2 grams of zinc . . . = 0.0220 „ 

.•. Lead in 3 grams of the ore . , .=0.1277 „ 

Equivalent to 4.26 per cent. 

The same ore gave by separation of the lead with sulphuretted 
hydrogen, and conversion into sulphate, 4.16 per cent. 



COLOBIMETBIC PROCESS. 

This is based upon the brown coloration produced in very 
dilute solutions of lead by the action of a solution of sulphuretted 
hydrogen. The quantity of lead in the 50 c.c. of the assay solu- 
tion must not much exceed 0.5 milligram, nor be less than 0.0 r. 
The sulphuretted hydrogen is used in the form of a solution, and 
is not bubbled through the assay. The principle of working is the 
same as previously described. 

Standard Lead Solution, — Each c.c. of this should contain o.i 
milligram of lead. It is made by diluting 10 c.c. of the solution 
of lead nitrate, described under the volumetric process, to i litre. 

Sulphuretted hydrogen water is made by passing a current of 
the washed gas into water till the latter is saturated. 

Five C.C. of the sulphuretted hydrogen water are put into a 
Nessler tube, the measured portion of the assay solution added, 
and the whole diluted with water to the 50 c.c. mark. Into the 
standard Nessler tube the same amount of the sulphuretted 
hydrogen water is put, and diluted to nearly 50 c.c. The stand- 
ard lead solution is then run in till the tints are equal. The 
assay solution must not contain much free acid, and if the condi- 
tions will allow it, may with advantage be rendered alkaline with 
ammonia. The chief cause of disturbance is the precipitation of 
lead sulphide forming a black turbid solution instead of a 
brown clear one. This may be caused by using hot solutions or 
an excess of acid. Other metals precipitable by sulphuretted 
hydrogen must be absent as well as strong oxidising agents. 

Effect of Varying Tennperature. — The effect of increased 
temperature is to change the colour from brown to black, and to 
render the estimation difficult. 
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1 CO. at 15" C. showed the colour of 0.5 c.c. at 60° C* 

2 „ „ „ „ 1.5 „ at 60** C. 
5 » » » » 5-0 » atso^C. 

Effect of Varying Time. — ^The colour becomes lighter on 
standing : 2 c.c. on standing 10, 20, and 40 minutes became equal 
in colour to 1.7 c.c. 

Effect of Aoids and Ammonia. — ^Two c.c. of the solution with 
2 c.c. of dilute hydrochloric acid became cloudy and equivalent to 
about 2.5 c.c. ; and a similar result was got with 2 c.c. of dilute 
sulphuric acid. With 2 c.c. of dilute ammonia the solution became 
somewhat darker, or equal to 2.3 c.c. ; but gave a very clear solu- 
tion easy to compare. 

Determination of Lead in Commercial Zinc. — Dissolve 
0.1 gram of the metal in i c.c. of dilute nitric acid, evaporate till a 
solid separates out, dilute to 100 c.c. with water, and take 20 c.c. 
for assAy, A sample treated in this way required 2.4 c.c. ; this 
multiplied by 5 gives 12.0 c.c, equal to 1.2 milligram of lead, or 
1.2 per cent. By gravimetric assay the sample gave i.io per cent. 

PRACTICAL EXERCISES. 

1. Thirty grams of galena gave on dry assay 21 grams of lead ; and this, 

on cupellation, gave 15 milligrams of silver. Calculate the results 
in per cents, of lead and in ounces of silver to the ton of ore. 

2. How many ounces of silver to the ton would be contained in the 

lead got from this ore if the loss in smelting is equal to that of 
the. assay ? 

3. Having given you a sample of white lead freed from oil by washing 

with ether, how would you proceed to determine the percentage 
of lead in it ? 

4. Fifty c.c. of a sample of pump- water tested for lead colorimetrically 

was found to give a tint equal 1.5 c.c. of the standard solution. 
Express the result in grains of lead per gallon ; and also in parts 
per 100,000. 

5. Why is iron used in the dry galena assay ? How much iron would 

be used up by 25 grams of pure galena ? * 

THALLIUM. 

Thallium is a rare metal, foimd in small quantities in some 
varieties of iron and copper pyrites, and in some lithia micas. It 
resembles lead in appearance. Its compounds resemble the salts 
of the alkalies in some respects ; and, in others, those of the heavy 
metals. 

It is detected by the green colour which its salts impart to the 
flame. This, when examined with the spectroscope, shows only 
one bright green line. 

* Fe + PbS = Pb + FeS. 
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It is separated and estimated by dissolving in aqua regia; 
converting into sulphate by evaporation with sulphuric acid ; 
separating the second group of metals with sulphuretted hydrogen 
in the acid solution, boiling off the excess of the gas ; nearly neu- 
tralising with carbonate of soda ; and precipitating the thallium 
with an excess of j>otassic iodide. On allowing the liquid to stand 
for some time a bright yellow precipitate of thallous iodide sepa- 
rates out. This is collected on a weighed filter ; washed with cold 
water, finishing off with alcohol; dried at ioo° C, and weighed. 
The precipitate is thallous iodide Til, and contains 61.6 per cent, 
of thallium. 

BISMUTH. 

Bismuth is nearly always found in nature in the metallic state j 
but occasionally it is met with as sulphide in bismuthine and as 
carbonate in bismutite. It is also found in some comparatively 
rare minerals, such as tetradymite, combined with tellurium, and 
associated with gold. In minute quantities it is widely distributed :: 
it is a common constituent of most copper ores ; hence it finds its 
way into refined copper, which is seldom free from it. It is occa- 
fiionally met with in silver in sufficient quantity to interfere with 
the working qualities of that metal. 

Bismuth compounds are used in medicine and in the manufac- 
ture of alloys. Bismuth possesses many useful properties. It has- 
considerable commercial value, and sells at a high price. 

The metal is brittle, breaks with a highly crystalline fracture,, 
and has a characteristic reddish-yellow colour. It is almost in- 
soluble in hydrochloric, but readily dissolves in nitric, acid ; and 
gives, if the acid is in excess, a clear solution. Bismuth salts have 
a strong tendency to separate out as insoluble basic compounds ;. 
this is more especially true of the chloride which, on diluting with 
a large volume of water, becomes milky ; the whole of the bis- 
muth separating out. The nitrate, carbonate, and hydrate yield 
the oxide (Bi^Oj) on ignition. This oxide closely resemblas litharge. 
It combines with silica, forming fluid slags ; and at a red heat is 
liquid enough to be absorbed by a cupel ; in fact, bismuth may 
,take the place of lead in cupellation. The metal itself is easily 
fusible, and may be separated from its ores by liquation. 

The assay of bismuth by wet methods presents little difficulty^, 
and is fairly accurate. The price of the metal is such that only 
methods which yield good results should be adopted ; and, since 
bismuth is volatile at the temperature of the furnace, and is 
found mixed with ores not easy to flux, as also with metals which 
ai-e not easily separated by the dry method, the dry assay can only 
be considered as having a qualitative value. 
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BBY ASSAY. 



By Liquation. — This is adapted to ores containing the bis- 
xnuth as metal. Take 20 grams of the powdered ore and place 
in a crucible with a perforated bottom, put this crucible into 
another of about the same size and lute the joint. Lute on a 
cover:, place in the furnace and heat to redness. The bismuth 
melts readily and drains into the lower crucible from which, when 
cold, it is taken and weighed. 

By Fusion. — For fairly pure ores the process is as follows : — 
Take 20 grams of the ore and mix with 20 grams of fusion 
mixture, 10 grams of salt and 5 or 10 gi-ams of potassium 
cyanide ; place in a crucible, cover, and fuse at a moderate tem- 
perature for about fifteen minutes ; pour ; when cold detach the 
metal and weigh. 

For coppery ores in which the metals are present as sulphides 
use the fluxes just given with 2 grams of charcoal (instead of the 
oyanide) and a little sulphur. 

For coppery ores in which the metals are present as oxides, 
mix 20 grams of the ore with 10 grams of fusion mixture, 4 
grams of salt, 4 grams of sulphur and 2 grams of charcoal ; and 
fuse. 

A considerable percentage of bismuth is lost in these assays ; 
it is stated as being nearly 8 per cent, of the metal present. 

WET METHODS. 

Detection. — Bismuth is detected by dissolving the substance 
in nitric or hydrochloric acid and precipitating the diluted solution 
with sulphuretted hydrogen. The precipitated sulphides, after 
digesting with soda and washing, are dissolved in nitric acid and 
the solution boiled with ammonium carbonate. The precipitate is 
washed and then warmed with dilute sulphuric acid. The solution 
will contain the bismuth. Add a solution of potassium iodide in 
excess, and boil ; a yellow or dark brown solution proves that 
bismuth is present. Another good test for small quantities of 
bismuth is to add tartaric acid to the solution to be tested, and 
then to make it alkaline with potash. Add a few c.c. of 
Schneider's liquid,* and heat. A brownish-black colour is pro- 
duced by as little as one part of bismuth in 200.000 of solution. 
The test is not applicable in the presence of mercury, copper, or 
manganese. 

* Made by dissolving 12 grams of tartaric acid and 4 grams of stannous 
chloride in water, and adding potash solution till it is alkaline. The 
^solution should remain clear on heating to 60° or 70" C. 
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Compounds of bismuth fused with cyanide of potassium in a 
Berlin crucible readily give a globule of bismuth which is i-e- 
cognised by its appearance and fracture. 

Splution and Separation. — The solution of bismuth com- 
pounds presents no difficulty. They are soluble in nitric acid or 
aqua regia, and, provided the solution is sufficiently acid, they 
remain dissolved. In separating it from other metals the solution 
is made up to about loo c.c. and treated with a current of 
sulphuretted hydrogen. The bismuth comes down in a tolerably 
strong acid solution. The sulphide is decanted on to a filter and 
washed. It is next digested with ammonic sulphide ; or, better 
(especially when other metals are present), dissolved in nitric 
acid, and treated with an excess of ammonia and a current of 
sulphuretted hydrogen. The precipitate is filtered off and 
evaporated to diyness with nitric acid. It is taken up with a 
few drops of sulphuric acid and a little water ; and warmed and 
filtered, if necessary. The filtrate is nearly neutralised with 
ammonia ; ammonium carbonate added in slight excess ; and the' 
liquid heated to boiling and filtered. The bismuth will be con- 
tained in the precipitate with perhaps traces of lead, antimony, 
tin, or sometimes iron from incomplete separation or washing. 
When only traces of a precipitate are got it must be tested. The 
bismuth precipitate is readily soluble in dilute nitric acid. 

GRAVIMETItlC DETERMINATION. 

The bismuth having been separated and dissolved in nitric 
acid* is precipitated (after dilution) by the addition of carbonate 
of ammonium in sHght excess, and boiling. The precipitate is 
filtered off, washed with hot water, dried, ignited, and weighed. 
The ignition should be performed carefully at not above a low 
red heat. The oxide which is formed has, at this temperature, a 
dark yellow or brown colour, and becomes yellow on cooling. It i» 
bismuthic oxide (Bi^Og) and contains 89.65 per cent, of bismuth. 
Fusion with potassium cyanide at a temperature just sufficient to- 
melt the salt reduces it to the metal which falls to the bottom 
and runs into a globule. The button of metal may be weighed, 
but it often sticks tenaciously to the bottom of the crucible. The 
precipitation with ammonic carbonate must not be made in a* 
sulphate or chloride solution ; since basic compounds would then 
be throw^n down, and the result on weighing would either be too 
low (because of the volatilisation of the chloride), or too high 
(because of the retention of sulphuric acid). 

* It innst be remembered that arsenate of bismuth is completely in* 
soluble in this aoid. 



BISMUTH. 183 

Bismuth compounds in a nitric acid solution are readily decom- 
posed by the electric current, but the deposited bismuth is not 
coherent. It comes down in shaggy tufts which are difficult to 
wash and easy to oxidise. 

VOLUMETRIC ASSAY. 

There are two methods which have been proposed ; one based 
on the precipitation as chromate and the estimation of the 
chromic acid ; and the other on the precipitation as oxalate and 
subsequent titration with permanganate of potash. These offer 
little advantage over the easy gravimetric determination. 

COLOBIMETRIC METHOD. 

Bismuth iodide dissolves in excess of potassium iodide, forming a 
yellow-coloured solution, indistinguishable in colour from that 
given by iodine. The colour, however, is not removed by boiling 
or by sulphurous acid. Since none of the commoner metals give 
such a colour, and free iodine is easily separated by boiling, this 
method is specially suited for small determinations of bismuth. 

It requires a soliUion of bismuth, made by dissolving o.i gram 
of bismuth in a drop or so of nitric acid, evaporating with a little 
sulphuric acid and diluting with water to 1 litre, i c.c. will 
contain o.i milligram of bismuth. And a solution of svlphurous 
add, made by diluting 10 c.c. of the commercial acid to i litre 
with water. 

The determination is made in the usual way : 50 c.c. of the 
prepared solution, which should not carry more than 0.75 milli- 
gram nor less than 0.0 1 milligram of bismuth, are placed in a 
Nessler tube and the colour compared with that observed in a 
similar tube containing water and potassium iodide on adding the 
standai'd solution of bismuth. 

The assay solution is prepared by separating the bismuth with 
sulphuretted hydrogen, boiling the precipitate with nitric acid, 
and evaporating with sulphuric acid. Take up with water, add 
10 or 20 c.c. of solution of potassium iodide, boil off any iodine 
liberated, dilute, filter, and make up to 100 c.c. According to 
the depth of colour take 10, 20, or 50 c.c. and transfer to the 
Nessler tube. Add a few c.c. of the solution of sulphurous acid. 
Into the other Nessler tube put as much potassium iodide solu- 
tion as is contained in the assay tube, with sulphurous acid and 
water to within a few c.c. of the bulk. Then add the standard 
bismuth solution till the tints are equal. 
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The student must be careful not to confuse the colour of the 
bismuth iodide with that of free iodine. If the yellow colour is 
removed by boiling and returns on standing it is due altogether 
to iodine ; if it is lessened by the addition of a few drops of the 
dilute sulphurous acid, it is in part due to it. Hence the neces- 
sity of having a little free sulphurous acid in each tube. A 
strong solution must not be used, since it liberates iodine from 
potassium iodide. 

The following experiments illustrate the effect of variation in 
the conditions of the assay : — 

Effect of Varying Temperature. — At a higher temperature 
the colour is somewhat lessened. 

I.o C.C. at 15' C. showed the colour of 0.8 c.c. at 70° C. 
2*5 >» » »» >» 2.0 „ 

5*^ >» »» » >» 5'^ " 

EfTeot of Free Acid. — 

2.5 c.c. with 5 c.c. of nitric acid equalled 2.5 c.c. 
5.0 „ „ sulphuric acid „ 5.0 „ 

Hydrochloric acid almost completely removes the colour, which, 
however, is restored by the addition of a few crystals of potassium 
iodide. 

Effect of Alkalies. — Ammonia, soda, or potash destroys the 
colour, but it is restored on acidifying with nitric or sulphuric 
acid. 

Effect of Amnionic Salts. — The following table shows the 
results after addition of ammonic salts : — 



C.C. present. 


With 10 grams 
Amnionic titrate. 


With 10 grams 
Ammonic Sulphate. 


With 10 grams 
Ammonic Chloride. 


1.0 c.c. 
2.5 » 
5.0 „ 


0.9 C.C. 
2.5 » 
5.0 „ 


I.I C.C. 
2.7 » 
5.5 » 


— 



Ammonic chloride, like hydrochloric acid, removes the colour, 
which may be restored on the addition of more potassium iodide. 
Nitrates and sulphates do not thus interfere. 

Effect of Foreign Salts. — Sodic hyposulphite almost com- 
pletely removes the colour. ' Copper salts liberate iodine ; but 
when this has been removed by boiling and the cuprous iodide 
has been filtered off there is no further interference. Dilute 
solutions of lead salts give no colour. 
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PRACTICAL EXERCISES. 

1. A fusible alloy is made up of 8 parts of bismuth, 5 of lead, and 

3 of tin. What weight of oxide of bismuth, Bi,0,, would you get 
on the analysis of i gram of it 7 

2. What weight of bismuth can be got from 2 grams of the subnitrate 

BiONO..H,0 7 

3. How would you detect and separate arsenic, lead, and copper in a 

sample of bismuth 7 

ANTIMONY. 

Antimony occurs in the native state, but is rare ; its common 
ore is antimonite, the sulphide (Sb^S,). Jamesonite and othei' 
sulphides of lead and antimony are frequently met with. Sulphide 
of antimony is also a constituent of fahlerz and of many silver 
ores. 

Antimonite occurs generally in fibrous masses, has a lead-like 
metallic lustre, is easily cut with a knife, and melts in the flame 
of a candle. 

Antimony itself has a very crystalline fracture, is brittle, and 
has a bluish- white colour. It is used in the preparation of alloys 
with lead and tin for the manufacture of type-metal. It is readily 
fusible, and imparts hardness and the property of taking a sharp 
oast to its alloys. It is practically insoluble in hydrochloric acid. 
On boiling with strong nitric acid it is converted into antimonic 
oxide (SbyO^), which is a powder almost insoluble in this acid 
or in water, but which may be got into solution with difficulty by 
the prolonged action of hydrochloric and tartaric acids. Anti- 
monic oxide is converted on ignition into the tetroxide (Sb,0^) 
with loss of oxygen. Antimony forms two series of salts, anti- 
monious and antimonic ; and advantage is taken of this in its 
determination volumctrically. Either sulphide of antimony yields 
antimonious chloride on boiling with hydrochloric acid, sulphuretted 
.hydrogen being given off; and, in the case of antimonic sulphide, 
sulphur is deposited. Antimonious is converted into antimonic 
chloride by treatment with permanganate of potash in an acid 
solution. Antimonic chloride and potassium iodide react, forming 
.antimonious chloride and free iodine. This latter may be got rid 
of by boiling. Sulphide of antimony is separated from the ore 
by liquation; this regulus is met with in commerce as "crude 
antimony." 

BBY ASSAY. 

An approximate determination of the amount of sulphide of 
antimony in an ore may be made by fusing and liquating in a 
luted double crucible in the manner described under bismuth. 
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This is unsatisfactory. The determination of metallic antimony 
in an ore is made either by fusion with potassium cyanide or by 
fusion with iron, as in the galena assay. Both methods yield 
poor results ; and, where iron is used, it must be added in quantity 
only sufficient for desulphurising ; this amounts to about 40 per 
cent, in pure ores. If the iron is in excess it alloys with the reduced 
antimony. If, on the other hand, it is insufficient, the metal will 
contain sulphur ; or sulphide of antimony will be lost in the slag. 

The following note, for which we are indebted to Mr. Bedford 
McNeill, A.R.S.M., gives a description of the method adopted in 
the commercial valuation of a parcel of antimony ore : — 

The antimony smelter, when he wishes to determine the value 
of any parcel of ore — usually the sulphide — that may be offisred 
for sale, practically has recourse to the smelting operation. That 
is, a quantity of 2 or 3 cwts. taken by his sampler having been 
obtained, he treats it under the immediate supervision of the 
foreman smelter as if it formed part of the ore in process of daily 
reduction at his works. He thus determines by actual trial the 
output which it may fairly be anticipated will be yielded by the 
bulk, and upon the result of this trial or assay, and the knowledge 
gained of the actual behaviour of the ore under treatment, he 
bases his tender, knowing that, should he secure the parcel, he 
may confidently expect a similar return. 

Briefly, the process consists of the three ordinary operations 
of— 

(a) Singling or removing most of the antimony from the ore ; 

(b) Doubling; 

(c) Refining or " starring." 

But in the assay sufficient information is generally given by the 
first two of these. 

A new pot having been taken and made hot in the furnace, 
40 or 45 lbs. of the ore is weighed in (the mineral from the neces- 
sities of sampling not exceeding walnut size) ; i to 3 lbs. of salt 
cake is now added to render the separation of the resulting sul- 
phide of iron more easy, as also to assist in the fusion of the 
gangue; 20 to 25 lbs. of tin-plate scrap, beaten more or less into 
ball shape, is weighed, placed on the top of the ore and salt cake, 
and the whole brought to a state of fusion. The foreman from 
time to time takes notice of the behaviour of the ore under the 
working conditions. Ores that manifest a tendency to " boil" or 
" froth " require the admixture of other more sluggish mineral in 
order to render their reduction economically practicable. 

After i^ to i^ hours (the time depending mainly on the tem- 
perature), the contents of the crucible are usually in a state of 
tranquil fusion. The pot is now lifted from the fire, and its. 
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contents transferred to a conical iron mould, the empty pot being 
immediately put back into the fire, and the latter " mended " 
with sufficient coke for another run. The conical mould (when 
dealing with a '* strange " ore, and the possibility of insufficient 
iron being present to satisfy the sulphur contents) is wiped inside 
with clay previous to pouring in the molten charge. Otherwise 
the mould itself will bo attacked, and the contents after solidifying 
will require to be chiselled out piecemeal. 

A further 40 lbs. of the ore is now charged into the crucible 
with iron as above ; but before this second charge is ready to be 
drawn an inspection of the first may suggest the addition of 
either 3 or 5 lbs. more iron, or 5 or 10 lbs. more ore. 

It is a good fault rather to aim at an excess of iron as tending 
to clean the ore from antimony, any of the latter that (from an 
insufficiency of iron) may be left in the slag from the first process- 
being irretrievably lost ; whereas, if the iron be in excess, that 
which is combined with the crude antimony resulting from the 
fii-st process is easily got rid of by adding 3 to 5 lbs. or so of ore 
in the second process. 

This latter, as practised for the determination of the value of a 
parcel of ore, consists in selecting two of the best quality singles,, 
resulting from perhaps four or five trials as above, and running 
them down with a few pounds of salt cake, or a mixture of salt 
cake with American potash, and (as is generally necessary) a small 
addition of ore. 

Upon the final result (confirmed perhaps on another pair of 
singles, and, judging from the total weight or output of the 
metal as calculated from the ore used in " singling," plus any 
added in the ** doubling," the crystalline fracture and face of the 
metal, its colour, &c.) the price to be offered for the parcel of ore 
is fixed. 

WET METHODS. 

Detection. — The antimony, if any, being got into solution by 
treating the ore with hydrochloric acid or aqua regia may be 
detected by evaporating with hydrochloric acid, diluting, and 
filtering into the cover of a platinum crucible or (better) a pla- 
tinum dish. A small lump of zinc is then added, and, if antimony 
is present, the dish will in a minute or so be stained black with Br 
deposit of metallic antimony. This stain is removed by nitric^ 
but not by hydrochloric, acid. The reaction is delicate and 
characteristic ; arsenic under like conditions is evolved as arseniu- 
retted hydrogen, and tin is deposited as metal on the zinc. 

Solution. — Ores, &c., containing antimony are best opened up 
by boiling with hydrochloric acid or aqua regia ; treatment with 
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nitric acid should be avoided wherever possible, since it forms 
^ntimonic acid, which is subsequently dissolved only with difficulty. 
.Salts of antimony in solution have a tendency to form insoluble 
basic salts; so that care must be exercised in diluting. Com- 
pounds such AS antimonite which are soluble in hydrochloric 
should be dissolved at once in that acid. 

Separation. — To the solution add potash in excess and a little 
free sulphur, and pass a current of sulphuretted hydrogen for some 
minutes ; allow to digest for an hour or so on a hot plate ; filter ; 
and wash the residue. Acidulate the filtrate with hydrochloric 
iicid: the precipitate will contain the antimony (as Sb^^), and 
possibly arsenic or tin. The precipitate is transferred to a beaker 
and boiled with hydrochloric acid ; the solution is filtered off and 
•diluted. Add a few crystals of tartaric acid, and pass a current 
of sulphuretted hydrogen for some time. The first flocculent 
precipitate will become denser, and render the filtering more easy. 
Transfer the precipitate (after washing free from chlorides) to a 
Berlin dish, and treat cautiously with fuming nitric acid. The 
iiction of this acid on the sulphide is very violent. Evaporate and 
ignite, transfer to a silver dish, and fuse with four or five times 
its weight of caustic soda, cool and extract with a little water, 
then add an equal volume of alcohol, and allow to stand overnight. 
Filter, wash with dilute alcohol. (The filtrate will contain the 
tin.) The residue contains the antimony as antimonate of soda, 
4ind is dissolved off the filter with hot dilute hydrochloric, with 
the help of a little tartaric, acid. The filtrate is now ready for 
the gravimetric determination. 

GRAVIMETRIC ASSAY. 

Pass a current of sulphuretted hydrogen through the solution 
•containing the antimony to which a little tartaric acid has been 
previously added. Pass the gas till the precipitate becomes dense, 
4ind the antimony is all down. The solution must not be too 
strongly add. Filter off the precipitate, wash with hot water, 
dry in the water oven, transfer to a weighed porcelain dish, and 
^cautiously treat with fuming nitric acid. Continue the action on 
the water bath till the sulphur and antimony aie completely 
oxidised. Evaporate ; ignite, gently at first, then strongly over 
the blast; cool, and weigh. The residue is a white infusible 
powder, and consists of antimony tetroxide, Sb,0^, containing 
79.22 per cent, of the metal. 

Determination of Antimony as Bigallate. — What appears 
to be a very good method has been worked out by M. A. Guyard, 
^nd is described in Crookes' Select Methods, p. 398. 
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The antimony must be in solution as antimonious chloride, and 
must not be accompanied by an excess of hydrochloric acid. To' 
ensure these conditions, the solution is treated with potassium 
iodide until no more iodine is evolved, and is then evaporated to- 
remove the excess of hydrochloric acid. To the concentrated, and 
nearly neutral, solution a freshly-prepared solution of gallic acid 
is added in slight excess. A bulky white precipitate is formed 
that settles rapidly. The solution is diluted with hot water and 
washed by decantation. Then the precipitate is collected on a 
weighed double filter, washed once or twice with hot water, and 
dried at 100" C. The dried substance is antimony bigallate, and^ 
contains 40.85 per cent, of antimony. It should be completely 
soluble in ammonium sulphide. The solution in which the anti- 
mony is precipitated need not be quite free from other metals. 

VOLUMETBIC METHOD. 

This is based on the reduction of antimonic chloride (SbCl^) to- 
antimonious (SbCl,) by the action of potassium iodide in strong 
hydrochloric acid solution.* Iodine is at the same time liberated,, 
and the amount of antimony reduced is got at by titrating with 
sodium hyposulphite, which measures the iodine set free. 

The standard solution of sodium hyposulphite is made by dis- 
solving 41.32 grams of the salt (Na^,0,.5H,0) in water, and 
diluting to i litre. One hundred c.c. will be equivalent to about 
I gram of antimony. 

It is standardised with the help of a solution of antimony made 
as follows : — ^Weigh up 5 grams of powdered antimony, transfer 
to a flask, and cover with 50 c.c. of hydrochloric acid ; boil, and 
add nitric add (5 or 10 drops at a time) until the metal is dis- 
solved. Allow the action of the nitric acid to cease before adding 
more. Boil down to a small bulk, add 250 c.c. of hydrochloric 
acid, and dilute to nearly i litre. Warm until any precipitate 
which has formed is redissolved ; allow to cool slowly, and run in 
from a pipette a weak solution of permanganate until a faint 
brown colour is produced. Dilute to exactly i litre; 100 c.c. 
contain 0.5 gram of antimony as antimonic chloride. 

In standardising, take 50 c.c. of the antimony solution, and 
transfer to a flask ; add 2 grams of potassium iodide crystals, and 
when dissolved, after standing a few minutes, run in the solution 
of " hypo " from an ordinary burette until the greater part of the 
iodine has been reduced. Add a few drops of starch solution, and 
continue the addition of the " hypo " until the muddy-green colour 

* SbCl, + 2KI = I, + SbCl, + 2KCI. 
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changes to a clear In'ownish-yellow. The solution must be shaken 
after each addition of the " hypo." 

In determining antimony in ore, weigh up 0.5 to i gram, and 
dissolve in hydrochloric acid with, if necessary, the help of chlo- 
rate of potash. The antimony is separated as sulphide, redis- 
solved in hydrochloric acid, and oxidised with a crystal of chlorate 
of potash. Chlorine is boiled off, and the solution diluted with 
an equal bulk of water. To the clear cold solution potassium 
iodide is added, and after a few minutes the liberated iodine is 
titrated with "hypo," as already described. The method only 
yields satisfactory results when the standard and assay are carried 
out alike. 
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CHAPTER XI. 
IBON— NICKEL—COBALT— ZINC -CADMIUM. 

IRON. 

Iron rusts or oxidises very readily, and, consequently, is rarely 
found in the metallic state in nature ; such native iron as is found 
being generally of meteoric origin or imbedded in basalt and other 
igneous rocks. It chiefly occurs as oxide, as in magnetite, haema- 
tite, and in the brown iron ores and ochres. Chalybite, which is 
carbonate of iron, is an ore of great importance. Iron is found 
combined with sulphur in pyrrhotine and pyrites, and together 
with arsenic in mispickel. It is a common constituent of most 
rocks, imparting to them a green, black, or brown colour ; and is 
present, either as an essential part or as an impurity, in most sub- 
stances. 

The chemistry of iron is somewhat complicated by the existence 
of two, oxides, each of which gives rise to a well-marked series of 
compounds. Those derived from the lower oxide, known as 
ferrous salts, are generally pale and greenish. Ferric salts are 
derived from the higher oxide, and are generally red, brown, or 
yellow. The existence of these two well-marked families of salts 
renders the assay of iron comparatively easy, for the quantity of 
iron present in a solution can be readily measured by the amount 
of oxidising or reducing agent required to convert it from the one 
state into the other — that is, from ferrous to ferric, or from ferric 
to ferrous, as the case may be. 

In the red and brown iron ores and ochres ferric iron is 
present ; in chalybite the iron is in the ferrous state ; and in mag- 
netite it is present in both forms. Traces of iron in the ferrous 
state may be found (even in the presence of much ferric iron) by 
either of the following tests : — 

1. Ferricyanide of potassium gives a blue precipitate or green 

. coloration ; with ferric salts a brown colour only is pro- 
duced. 

2. A solution of permanganate of potassium is decolorised by a 

ferrous salt, but not by a ferric one. 
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Traces of ferric iron can be detected (even in the presence of 
much ferrous iron) by the following tests : — 

(i) By the brown or yellow colour of the solution, especially 

when hot. 
(2) By giving a pink or red coloration with sulphocyanide of 

potassium. 
Substances containing oxide of iron yield the whole of the iron 
as metal when fused at a high temperature with charcoal and 
suitable fluxes. The metal, however, will contain varying propor- 
tions of carbon and other impurities, and its weight can only afford 
a rough knowledge of the proportion of the metal in the ore. 
There are two or three methods of dry assay for iron, but they are 
not only inexact, but more troublesome than the wet methods* 
and need not be further considered. Chalybite and the hydrated 
oxides dissolve very readily in hydrochloric acid ; haematite and 
magnetite dissolve with rather more difficulty. Iron itself, when 
soft, is easily soluble in dilute hydrochloric, or sulphuric, acid. 
Pyrites, mispickel, &c., are insoluble in hydrochloric acid, but they 
are readily attacked by nitric acid. Certain minerals, such as 
chrome iron ore, titaniferous iron ore, and some silicates containing 
iron, remain in the residue insoluble in acids. Some of these yield 
their iron when attacked with strong sulphuric acid, or when 
fused with the acid sulphate of potash. Generally, however, it is 
better in such stubborn cases to fuse with carbonate of soda, and 
then attack the " melt " with hydrochloric acid. 

When nitric acid, or the fusion method, has been used, the 
metal will be in solution in the ferric state, no matter in what 
condition it existed in the ore. But with dilute hydrochloric or 
sulphuric add it will retain its former degree of oxidation. With 
hydrochloric acid, for example, chalybite (ferrous carbonate) will 
give a solution of ferrous chloride ; with haematite (ferric oxide) 
it will yield ferric chloride ; and with magnetite (ferrous and 
ferric oxides) a mixture of ferrous and ferric chlorides. Metallic 
^iron yields solutions oi ferrous salts. It is convenient to speak of 
the iron in a ferrous salt as ferrous iron, and when in the ferric 
state as ferric iron. Frequently it is required to determine how 
much of the iron exists in an ore in each condition. In such cases 
it is necessary to keep off the air whilst dissolving ; the operation 
should, therefore, be performed in an atmosphere of carbonic 
acid. 

Separation. — The separation of the iron from the other sub- 
stances is as follows: — Silica is removed by evaporating the 
acid solution, and taking up with acid, as described under 
Silica; the whole of the iron will be in solution. The metals of 
Groups I. and II. are removed by passing sulphuretted hydrogen, 
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and at the same time the iron will be reduced to the ferrous 
state. The solution should be filtered into a 16 oz. flask, boiled 
to get rid of the gas, and treated (whilst boiling) with a few 
drops of nitric acid, in order to convert the whole of the iron into 
the ferric state. When this condition is arrived at, an additional 
drop of nitric acid causes no dark coloration. The boiling must 
be continued to remove nitrous fumes. Next add caustic soda 
solution until the colour of the solution changes from yellow to 
red. The solution must be free from a precipitate ; if the soda be 
incautiously added a permanent precipitate will be formed, in which 
case it must be redissolved with hydrochloric acid, and soda again, 
but more cautiously, added. After cooling, a solution of sodium 
acetate is added until the colour of the solution is no longer 
darkened. The solution, diluted to two-thirds of the flaskful 
with water, is heated to boiling. Long-continued boiling miist be 
avoided. The precipitate is filtered quickly through a large filter, 
and washed with hot water containing a little acetate of soda. 

The precipitate will contain all the iron and may also contain 
alumina, chromium, titanium, as well as phosphoric, and, per- 
haps, arsenic acids.* 

Dissolve the precipitate off the filter with dilute sulphuric acid, 
avoiding excess, add tartaric acid and then ammonia in excess. Pass 
sulphuretted hydrogen, warm, and allow the precipitate to settle. 
Filter and wash with water containing a little ammonic sulphide. 

GRAVIMETRIC METHOD. 

Dissolve the precipitate in dilute hydrochloric acid ; peroxidise 
with a few drops of nitric acid and boil, dilute to about 200 c.c, 
add ammonia (with constant stirring) till the liquid smells of it, 
and heat to boiling. Wash as much as possible by decantation 
with hot water. Transfer to the filter, and wash till bhe filtrate 
gives no indication of soluble salts coming through. The filtrate 
must be colourless and clear. The wet precipitate is very bulky, 
of a dark-brown colour and readily soluble in dilute acids, but in- 
soluble in ammonia and dilute alkalies. When thrown down 
from a solution containing other metals it is very apt to carry 
portions of these with it, even when they are by themselves very 
soluble in ammoniacal solutions. It must be dried and ignited, 
the filter paper being burnt separately and its ash added. When 
further ignition ceases to cause a loss of weight, the residue is 
ferric oxide (Fe^Oj), which contains 70 per cent, of iron. The 
weight of iron therefore can be calculated by multiplying the 
weight of oxide obtained by 0.7. 

* When chromium is present some of the iron may escape precipitation 
but it can be recovered from the solution by means of ammonic sulphide. 

N 
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The presence of amnionic chloride causes loss of iron during 
the ignition, and organic matter causes an apparent loss, by re- 
ducing the iron to a lower state of oxidation. When the iron in 
the solution much exceeds 0.2 gram the volumetric determination 
is generally adopted, as the bulkiness of the precipitate of ferric 
hydrate makes the gravimetric method very inconvenient. 

VOLUMETRIC METHODS. 

As already explained these are based on the measurement of 
the volume of a reagent required to bring the whole of the iron 
from the ferrous to the ferric state (oxidation), or from the ferric 
to the ferrous (reduction). Ferrous compounds are converted 
into ferric by the action of an oxidising agent in the presence 
of an acid. Either permanganate or bichromate of potash is 
generally used for this purpose.* 

Ferric compounds are reduced to ferrous by the action of : — 
(i) Stannous chloride ; 

(2) Sulphuretted hydrogen; 

(3) Sodium sulphite ; or 

(4) Zinct 

The processes, then, may be divided into two kinds, one based 
on oxidation and the other on reduction. In each case the titra- 
tion must be preceded by an exact preparation of the solution to 
be assayed in order that the iron may be in the right state of 
oxidation. 

PERMANGANATE AND BICHROMATE METHODS. 

These consist of three operations : — 
(i^ Solution of the ore ; 

^2) Keduction of the iron to the ferrous state; and 
(3) Titration. 
Solution. — The only point to be noticed concerning the first 
operation (in addition to those already mentioned) is that nitric 
acid must be absent. If nitric acid has been used, evaporate to 
dryness, of course without previous dilution ; add hydrochloric or 
sulphuric acid, and boil for five or ten minutes. Dilute with 
water to about 100 c.c, and warm until solution is complete. 

The reduction is performed by either of the following 
methods : — 

* (I) ioreSO,4-2KMnO, + 8H,SO,=sre2(SO,)3 + 2MnSO, + K.SO, + 8H20. 

(2) 6FeCl, + K.fiTfi, + 14HCI = 3Fe,Cl, + Cr^Cl, + 2KCI + jHfi, 
t (i) Fe,Cl«+SnCl,=2FeCL + SnCL. 

' ^ Fe,Cl,+SHj=2FeCl,+2HCl + S. 



(3) FCjCl, + Na^SO, + H2O = 2FeCL + Na^SO, + 2HCI. 

(4) Fe,Cl^ + Zn=2FeCl^ + ZnCV 
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1. With StamwtM ClUoride, — Fill a burette with a solution of 
stannous chloride,* and cautiously run the liquid into the hot 
assay solution (in which the iron is present as chloride) until the 
colour is discharged. A large excess of the stannous chloride 
must be avoided. Then add 5 c.c. of a 2^ per cent, solution of 
mercuric chloride, this will cause a white precipitate (or a grey 
one if too large an excess of the stannous chloride has been 
added). Boil till the solution clears, cool, dilute, and titrate. 

2. With Sulphuretted Hydrogen, — Cool the solution and pass 
through it a current of washed sulphuretted hydrogen till the 
liquid smells strongly of the gas after withdrawal and shaking. 
A white precipitate of sulphur will be formed, this will not inter- 
fere with the subsequent titration pi-ovided it is precipitated in 
the cold. If, however, the precipitate is coloured (showing the 
presence of the second group metals), or if the precipitation has / 
been carried out in a hot solution, it should be filtered off. Boil 

the solution until the sulphuretted hydrogen is driven off; this 
may be tested by holding a strip of Ulter paper dipped in lead 
acetate solution in the steam issuing from the flask. The pre- 
sence of sulphuretted hydrogen should be looked for rather than 
its absence. It is well to continue the boiling for a few minutes 
after the gas has been driven off. Cool and titrate. 

3. With Sodium Sulphite. — Add ammonia (a few drops at a 
time) until the precipitate first formed redissolves with difiiculty. 
If a permanent precipitate is formed, redissolve with a few drops 
of acid. To the warm solution add from 2 to 3 grams of sodium 
sulphite crystals. The solution will become strongly coloured, 
but the colour will fade away on standing for a few minutes in a 
warm place. When the colour is quite removed, add 20 cc. of 
dilute sulphuric acid, and boil until the steam is quite free from 
the odour of sulphurous acid. Cool and titrate. 

4. With Zinc. — Add about 10 grams of granulated zinc; if the 
hydrogen comes off violently add water ; if, on the other hand, 
the action is very slow, add sufficient dilute sulphuric acid to 
keep up a brisk effervescence. The reduction is hastened by 
warming, and is complete when the solution is quite colourless 
And a drop of the liquid tested with sulphocyanate of potassium 
gives no reaction for fen'ic ijon. Filter through " glass wool " or 
quick filtering paper. The zinc should be still giving off gas 
rapidly, indicating a freely acid solution ; if not, acid must be 
added. Wash with water rendered acid. Cool and titrate. 

With regard to the relative advantages of the different methods 
they may be roughly summed up as follows : — ^The stannous 

♦ 20 grams of stannous chloride and 20 c.c. of dilute hydrochloric acid 
are diluted to one litre. 
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chloride method has the advantage of immediately reducing the 
ferric iron whether in hot or cold solution and under varied con- 
ditions in regard to acidity, but has the disadvantage of similarly 
reducing salts of copper and antimony, which, in a subsequent 
titration, count as iron. Moreover, there is no convenient method 
of eliminating any large excess of the reagent that may have 
been used ; and, consequently, it either leaves too much to the 
judgment of the operator, or entails as much care as a titration. 
Students generally get good results by this method. 

The sulphuretted hydrogen method also has the advantage of 
quick reduction under varying conditions, and the further one of 
adding nothing objectionable to the solution ; in fact it removes 
certain impurities. The disadvantages are the necessity for boil- 
ing off the excess of the gas, and of filtering off the precipitated 
sulphur, although this last is not necessary if precipitated cold. 
The tendency with students is to get high results. The sodium- 
sulphite method has the advantages of being clean and neat, and 
of requiring no filtration. On the other hand it requires practice 
in obtaining the best conditions for complete reduction ; and, as 
with sulphuretted hydrogen, there is the necessity for boiling off" 
the gas, while there is no simple and delicate test for the residual 
sulphurous acid. Tn addition, if an excess of sodium sulphite has^ 
been used and enough acid not subsequently added, the excess will 
count as iron. Students generally get low results by this method- 

The advantages of the zinc method are, that it is easily worked 
and that the excess of zinc is readily removed by simply filtering. 
The disadvantages are the slowness* with which the last portions, 
of ferric iron are reduced, the danger of loss by effervescence, the 
precipitation of basic salts, and, perhaps, of iron, and the loading 
of the solution with salts of zinc, which in the titration with 
bichromate have a prejudicial effect. The tendency in the hands 
of students is to get variable results, sometimes low and some- 
times high. 

Generally speaking, the sulphuretted hydrogen and sodium 
sulphite methods are to be preferred. Carefully worked each 
method will yield good results. 

The titration may be done with a standard solution of (i) per- 
manganate of potash, or (2) bichromate of potash. 

I. With Permanganate ojf Potash. — Prepare a standard solution 
by dissolving 2.82 gi-ams of the salt and diluting to one litre. 
The strength of this should be 100 c.c. =0.5 gram of iron, but 
it varies slightly, and should be determined (and afterwards 

* The maximum reducing effect of zinc is obtained by exposing as large 
' a surface as possible of the metal in a hot concentrated solution containing, 
but little free acid (ThorpeX 
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checked every two or three weeks) by weighing up 0.2 gram of 
iron wire, dissolving in 10 c.c. of dilute sulphuric acid, diluting to 
about 100 c.c, and titrating. 

The standard solution must be put in a burette with a glass 
stopcock, as it attacks india-rubber. The assay should be con- 
tained in a pint flask, and be cooled before titrating. The stan- 
dard solution must be run in until a pinkish tinge permeates the 
whole solution ; this must be taken as the finishing point. When 
certain interfering bodies are present this colour quickly fades, 
but the fading must be ignored. With pure solutions the colour 
is fairly permanent, and a single drop of the potassium perman- 
ganate solution is sufficient to determine the finishing point. 

2. With Bichromate 0/ Potash, — Prepare a standard solution by 
dissolving 4.39 grams of the powdered and dried salt in water, and 
diluting to I litre. This solution is permanent, its strength is de- 
termined by dissolving 0.2 gram of iron wire in 10 c.c. of dilute 
sulphuric acid, dilutiug to about a quarter of a litre, and titrating* 

Also prepare a test solution by dissolving o. i gram of f eni- 
cyanide of potassium in 100 c.c. of water. This solution does not 
keep well and must be freshly prepared. 

An ordinary burette is used. The assay is best contained in a 
glazed earthenware dish, and may be titrated hot or cold. To 
cletermiue the finishing point, place a series of drops of the 
ferricyanide solution on a dry white glazed plate. The drops 
should be of about the same size and be placed in lines at fairly 
equal distances. The bichromate is run in, in a steady stream, 
the assay solution being continuously stirred until the inaction is 
sensibly slackened. Then biing a drop of the assay with the 
stirrer in contact with one of the test drops on the plate. The 
standard can be safely run in i c.c. at a time, so long as the test 
drop shows signs of a precipitate. When only a coloration is 
produced run in cautiously a few drops at a time so long as two 
drops of the assay gives with the test a colour which is even 
faintly greener than two drops of the assay solution placed along- 
side. The finishing point is decided and practically permanent, 
iilthough it demands a little practice to recognise it. The titra- 
tion with permanganate of potassium has the advantage of a more 
distinct finishing point and easier mode of working ; its applica- 
tion, however, is somewhat limited by the disturbing efiects of 
hydrochloric acid. The bichromate method has the advantage of 
a standard solution which does not alter in strength, and the 
further one of being but little affected by altering conditions of 
assay. Hydrochloric acid has practically no efiect on it. Both 
methods give accurate results and are good examples of volumetric 
methods. 
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Tlie following results illustrate the extent to which the methodsi 
may be relied on ; and the influence which the various conditions 
of experiment have on the assay. 

Solutions of ferrous sulphate and of ferrous chloride were made 
containing 0.5 gram of iron in each 100 cc, thus corresponding 
to the standard solutions of permanganate and bichromate of 
potassium. These last were prepared in the way already de- 
scribed. The solution of ferrous sulphate was made by dissolving 
5.01 grams of iron wire in 100 c.c. of dilute sulphuric acid and 
diluting to i litre. A similar solution may be made by dissolving 
24.82 grams of pure ferrous sulphate crystals in water, adding 
100 c.c. of dilute sulphuric acid, and diluting to i litre. 

Bate of Oxidation by Exposure to Air. — This is an im- 
portant consideration, and if the rate were at all rapid would 
have a serious influence on the manner of working, since exclusion 
of air in the various operations would be troublesome. 20 c.c. of 
the solution of ferrous sulphate were taken in each experiment, 
acidified with 10 c.c. of dilute sulphuric acid, and diluted to 100 
c.c. The solution was exposed, cold, in an open beaker for vary- 
ing lengths of time, and titrated with permanganate of potassium. 

Time exposed • . i hour i day 2 days 3 days 
c.c. required . , . 19.2 19. i 19.0 19.0 

These results show that the atmospheric oxidation in cold solu- 
tions is unimportant. With boiling solutions the results are 
somewhat diflerent; a solution which at the outset required 20 c.c. 
of pennanganate of potassium, after boiling for an hour in an 
open beaker (without any precautions to prevent oxidation), 
water being added from time to time to replace that lost by 
evaporation, required 19.2 c.c. If the solution be evaporated to 
dryness the oxidising power of concentrated sulphuric acid comes 
into play, so that very little ferrous iron will be left. A solution 
evaporated in this way required only 2.2 c.c. of permanganate of 
potassium. 

Effeot of Varying Temperature. — In these experiments the 
bulk was in each case 100 cc, and 10 c.c. of dilute sulphuric acid 
were present. The permanganate required by 

I c.c. of ferrous sulphate was, at 15** i.o c.c, and at 70° i.i c.c. 
10 „ „ „ „ 9.7 „ 9.8 „ 

100 „ „ „ „ 97.7 „ 96.8 „ 

The lower result with the 100 c.c. may be due to oxidation from 
exposure. 
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Effbot of Varying Bulk.— The following experiments show 
that coDsiderable variations in bulk have no practical effect. In 
each case 20 c.c. of ferrous sulphate solution and lo c.c. of dilute^ 
acid were used. 

Bulk of assay . . . 30 c.c. 100 c.c. 500 c.c. 1000 c.c. 
Permanganate required . 20.0 „ 20.0 „ 20.2 „ 20.5 „ 

Effect of Free Sulphuric Acid. — Free acid is necessary for 
these assays ; if there is an insufficiency, the assay solution, instead 
of immediately decolorising the permanganate, assumes a brown 
colour. The addition of 10 c.c. of dilute sulphuric acid suffices to 
meet requirements and keep the assay clear throughout. The 
following experiments show that a considerable excess of acid 
may be used without in the least affecting the results. In each 
case 20 c.c. of ferrous sulphate were used. 

Dilute sul- 
phuric acid i.o c.c. 5.0 c.c. lo.o c.c. 20.0 c.c. 50.0 c.c. IOO.OC.C. 

Termanganate 

required . 19.3 „ 19.3 „ 19.3 „ 19.3 „ 19.3 „ 19.3 „ 

Effect of Foreign Salts. — When the assay has been reduced 
with zinc varying quantities of salts of this metal pass into solu- 
tion, the amount depending on the quantity of acid and iron 
present. Salts of sodium or ammonium may similarly be intro- 
duced. It is essential to know by experiment that these salts 
do not exert any effect on the titration. The following series of 
experiments show that as much as 50 grams of zinc sulphate may 
be present without interfering. 

Zinc sulphate present . o gram i gram 10 grams 50 grams 
Permanganate required . 19.3 c.c. 19.3 c.c. 19.3 c.c. 19.3 c.c. 

Magnesium, sodium, and ammonium salts, are equally without 
effect. 

Ammonic sulphate present 
Permanganate required . 

Sodic sulphate present 
Permanganate required . 

Magnesic sulphate present 
Permanganate required 

Effect of Varying Amounts of Iron.— It is important to- 
know within what limits the quantity of iron in an assay may 
safely vary from that used in standardising. In the following 
experiments the conditions as to bulk, acidity, and mode of 
working were the same as before : — 

Ferrous sulphate solution taken i c.c. 10 c.c. 20 c.c. 50 c.c. 100 c.c 
Permanganate required . .1.0,, 9*7 » 19.6 „ 48 9 », 97.7 »»- 



cgram 
. 19.3 c.c. 


I gram 
19.2 c.c. 


10 grams 
19.3 c.c. 


. gn*am 
. 19.3 c.c. 


I gram 
19.3 c.c. 


10 grams 
19.3 c.c. 


ogram 
. 19.3 c.c. 


I gram 
19.3 C.C. 


10 grams 
19.3 C.C. 
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The ferrous sulphate solution is here a little weaker than that 
of the permanganate of potassium, but the results show that the 
permanganate required is proportional to the iron present. 

Titrations in Hydrochloric Solutions. — These are less 
satisfactory than those in sulphuric solutions, since an excess of 
hydrochloric acid decomposes permanganate of potassium, evolv- 
ing chlorine, and since the finishing point is indicated, not by the 
persistence of the pink colour of the permanganate, but by a 
irown coloration probably due to perchloride of manganese. 
Nevertheless, if the solution contains only from 5 to lo per cent, 
of free hydrochloric acid (sp. g. 1.16) the results are the same as 
those obtained in a sulphuric acid solution. Equal weights 
(o.i gram) of the same iron wire required exactly the same 
quantity of the permanganate of potassium solution (20 c.c.) 
whether the iron was dissolved in dilute sulphuric or dilute 
hydrochloric acid. The following series of experiments are on 
the same plan as those given above with sulphuric acid solutions. 
A solution of ferrous chloride was made by dissolving 5.01 grams 
of iron wire in 50 c.c. of dilute hydrochloric acid and diluting to 
I litre. The dilute hydrochloric acid was made by mixing equal 
volumes of the acid (sp. g. 1.16) and water. 

Bate of Atmospheric Oxidation. — 20 c.c. of the ferrous 
chloride solution were acidified with 10 c.c. of the dilute hydro- 
chloric acid and diluted to 100 c.c. This solution was exposed cold 
in open beakers. 

Time exposed . . — i hour i day 2 days 3 days 

Permanganate required 19.6 c.c. 19.6 c.c. 19.5 c.c. 19.4 cc. 19.5 c.c. 

Similar solutions boiled required, before boiling, 20 c.c. ; after 
boiling for one hour, replacing the water as it evaporated, 19.3 
e.c. ; and after evaporation to a paste and redissolving, 17.0 cc. 

Effect of Varying Temperature. — Solutions similar to the 
last were titrated and gave the following results : — 

Temperature . . - 15° 30° 50° 70° 

Permanganate required . 19.80.0. 19.6 o.c. 19.50.0. 19.40,0. 

Effect of Varying Bulk. — As before, 20 c.c. of the iron solu- 
tion, and 10 c.c. of the dilute acid were diluted to the required 
volumes and titrated. 

Bulk 30 o.c. 100 CO. 500 o.c. 1000 CO, 

Permanganate required . 20.4 „ 20.3 ,, 20.8 „ 21.5 „ 

The variation due to difference in bulk here, although only 
equal to an excess of 0.7 milligram of iron for each 100 c.c. of 
dilution, are about three times as great as those observed in a 
sulphuric acid solution. 
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Effect of Free Hydroohlorio Add. — In these experiments 
20 C.C. of the ferrous chloride solution were used with Taiying 
quantities of acid, the bulk of the assay in each case being 100 cc 

Dilute acid present . . 5 c.c. 10 c.c. 50 c.c. 100 cc. 
Permanganate required . 20.2 „ 20.2 „ 2a 5 „ 21.0 „ 

The last had a very indistinct fininhing point, the brown color- 
ation being very evanescent. The effect of the acid is modified by 
the presence of alkaline and other sulphates, but not by sulphuric 
add. Kepeating the last experiment we got — 

Without further addition . . • • 21.0 cc. 

With 100 c.c. of dilate sulphuric acid . . 22.0 „ 
„ 10 grams ammonia sulphate . . . 20. 5 ,« 
„ 10 ,, sodic sulphate .... 20.0 „ 
„ 10 „ magnesium sulphate . .20.4 „ 
J, 10 „ manganese sulphate • • 20.2 „ 

The results with these salts, in counteracting the interference 
of the add, however, were not a complete success, since the end- 
reactions were all indistinct, with the exception^ perhaps, of that 
with the manganese sulphate. 

Effect of Varying Amounts of Iron. — In these experiments 
the bulk of the assay was 100 c.c, and 10 c.c. of acid were pre- 
sent. 

Ferrous chloride used . i cc. 10 cc. 20 c.c 50 c.c. 100 cc 
Permanganate required i.i „ 10.3 „ 20.3 „ 50.4 „ 100. i „ 

In making himself familiar with the permanganate of potassium 
titration, the student should practise by worHng out a series of 
experiments similar to the above, varying his conditions one at a 
time so as to be certain of the cause of any variation in his results. 
He may then proceed to experiment on the various methods of 
reduction. 

A solution o/ferric ddoride is made by dissolving 5.01 grams of 
iron wire in 50 cc. of hydrochloric acid (sp. g. 1.16), and running 
from a burette nitric acid diluted with an equal volume of water 
into the boiling iron solution, until the liquid changes from a 
black to a reddish-yellow. About 4.5 c.c. of the nitric add will 
be required, and the finishing point is marked by a brisk effer- 
vescence. The solution of iron should be contained in an evapor- 
. ating dish, and boiled briskly, with constant stin-ing. There 
should be no excess of nitric acid. Boil down to about half its 
bulk; then cool, and dilute to one litre with water. Twenty c.c 
of this solution diluted to 100 cc. with water, and acidified with 
10 c.c. of dilute hydrochloric acid, should not decolorise any of 
the permanganate of potassium solution ; this shows the absence 
•of ferrous salts. And 20 c.c of the same solution, boiled with 
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no c.c. of the ferrous sulphate solution, should not decrease the 
quantity of "permanganate" required for the titration of the 
ferrous sulphate added. In a series of experiments on the various 
methods of reduction, the following results were got. The modes 
of working were those already described.* 

(i) WiOi Stannous Chloride. — Twenty c.c. of the ferric chloride 
solution required, after reduction with stannous chloride, 20 c.c. 
of " permanganate." Fifty c.c. of a solution of ferrous chloride, 
which required on titration 49.8 c.c. of "permanganate," required 
f or re-titration (after subsequent reduction with stannous chloride) 
50 c.c. of the permanganate solution. 

(2) With Sulphuretted Hydrogen, — Two experiments with this 
gas, using in each 20 c.c. of the ferric chloride solution, and 10 c.c. 
of hydrochloric acid, required (after reduction) 20.2 c.c. and 20.1 
c.c. of " permanganate." Repeating the experiments by passing 
the gas through a nearly boiling solution, but in other respects 
working in the same way, 21.3 c.c. and 21.6 c.c. of the perman- 
ganate solution were required. The sulphur was not filtered oif 
in any of these. In another experiment, in which 50 c.c. of the 
ferrous sulphate solution were titrated with "permanganate," 
48 c.c. of the latter were required. The titrated solution was 
next reduced with sulphuretted hydrogen, brought to the same 
bulk as before, and again titrated ; 47.9 c.c. of the permanganate 
of potassium solution were required. 

(3) With Sodium Sulphite. — Twenty c.c. of the ferric chloride 
solution, reduced with sodium sulphite, required 19.9 c.c. of " per- 
manganate." In one experiment 50 c.c. of the ferrous sulphate 
solution were titrated with " permanganate " ; 49.3 c.c. of the last- 
mentioned solution were required. The titrated solution was re- 
duced with sodium sulphite, and again titrated ; it required 
49.2 c.c. of the permanganate of poi/assium solution. 

(4) With Zinc. — Twenty c.c. of the ferric chloride solution, re- 
duced with zinc and titrated, required 20.8 c.c. of " permanga- 
nate." Fifty c.c. of a solution of ferrous sulphate which required 
49.7 c.c. of " permanganate," required for re-titration, after reduc- 
tion with zinc, 49.7 c.c. 

The student should next practise the titration with bichromate,, 
wliich is more especially valuable in the estimation of hydrochloric 
acid solutions. The following experiments are on the same plan 
as those already given. In each experiment (except when other- 
wise stated) there were present 20 c.c. of the ferrous chloride- 
solution, and 10 c.c. of dilute hydrochloric acid, and the bulk was 
300 c.c. 

Effect of Varying Temperature. — The quantities of the bi- 
chromate of potassium solution required were as follows : — 
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Temperature . . -15° 30° 70° 100° 

Bichromate required . 20.2 c.c. 20.3 c.c. 20.3 c.c. 20. 4 c.c. 

Effect of Varying Bulk.-— 

Bulk. . . .50 c.c. 100 c.c. 200 c.c. 500 c.c. 1000 c.c. 
Bichromate required 20.4 „ 20.4 „ 20.4 „ 20.5 „ 20.8 „ 

Effect of Varying Acid. — In these, variable quantities of 
dilute hydrochloric acid were used. 

Acid present . . . .10 c.c. 50 c.c. 100 c.c. 
Bichromate required . .20.3 „ 20.3 „ 20.2 „ 

Effect of Foreign Salts. — The effect of the addition of 10 
grams of crystallized zinc sulphate was to decrease the quantity of 
"bichromate" required from 20.3 c.c. to 20.1 c.c, but the colour 
produced with the test-drop was very slight at 18.5 cc, and with 
incautious work the finishing point might have heen. taken any- 
where between these extremes. Zinc should not be used as a 
reducing agent preliminary to a "bichromate" titration. Ten 
grams of ammonic sulphate had the effect of rendering the finish- 
ing point faint for about 0.5 c.c. before the titration was finished, 
but there was no doubt about the finishing point when allowed to 
stand for a minute. The student should note that a titration is 
not completed if a colour is developed on standing for five or ten 
minutes. Ten grams of sodic sulphate had no effect; 20.3 c.c. 
were required. 

Effect of Varying Iron. — The results are proportional, as 
will be seen from the following details : — 

Ferrous chloride 
present . .1.0 c.c. lo.o c.c. 20.0 c.c. 50.0 c.c. loo.o c.c. 

Bichromate re- 
quired . . 1.0 „ 10.2 „ 20.3 „ 51.0 „ 102.3 » 

The student may now apply these titrations to actual assays of 
minerals. The following examples will illustrate the mode of 
working and of calculating the results : — 

Determination of Iron in Chalybite. — Weigh up i gram 
of the dry powdered ore, and dissolve in 10 c.c. of dilute sulphuric 
acid and an equal volume of water with the aid of heat. Avoid 
evaporating to dryness. Dilute and titrate. The result will give 
the percentage of iron existing in the ore in the ferrous state. 
Some ferric iron may be present. If it is wished to determine 
this also, add (in dissolving another portion) 10 c.c. of dilute 
hydrochloric acid to the sulphuric acid already ordered, and reduce 
the resulting solution before titrating. By dissolving and titrating 
(without previous reduction) one has a measure of the ferrous- 
iron present ; by dissolving, reducing, and then titrating, one can 
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measure the total iron ; and as the iron exists in only two con- 
ditions, the total iron, less the ferrous iron, is the measure of the 
ferric iron. 

Determination of Iron in Brown or Bed Ores or Mag- 
netite. — Weigh up 0.5 gram of the ore (powdered and dried at 
100° C), and dissolve in from 10 to 20 c.c. of strong hydrochloric 
.acid, boiling until all is dissolved, or until no coloured particles 
;are left. Dilute, reduce, and titrate. 

Determination of Iron in Pyrites. — Weigh up i gram of 
the dry powdered ore, and place in a beaker. Cover with 10 c.c. 
of strong sulphuric acid, mix well by shaking, and place on the 
hot plate without further handling for an hour or so until the 
action has ceased. Allow to cool, and dilute to 100 c.c. Warm 
until solution is complete. Reduce and titrate. 

Determination of Iron in Substances Insoluble in 
Acids. — Weigh up i gram of the ore, mix with 5 or 6 grams 
of carbonate of soda and 0.5 gram of nitre by rubbing in a small 
mortar, and transfer to a platinum crucible. Clean out the 
mortar by rubbing up another gram or so of soda, and add this to 
the contents of the crucible as a cover. Fuse till tranquil. Cool. 
Extract with water. If the ore carries much silica, evaporate to 
dryness with hydrochloric acid to separate it. Re-dissolve in 
hydrochloric acid, and separate the iron by precipitating with 
Ammonia and filtering. If only a small quantity of silica is 
present, the aqueous extract of the " melt" must be filtered, and 
the insoluble residue washed and dissolved in dilute hydrochloric 
acid. Reduce and titrate. 

A convenient method of at once separating iron from a solution 
and reducing it, is to add ammonia, pass sulphuretted hydrogen 
through it, filter, and dissolve the precipitate in dilute sulphuric 
acid. The solution, when boiled free from sulphuretted hydrogen, 
is ready for titrating. 

STANNOUS CniiOBIDE FBOCESS. 

The colour imparted to hot hydrochloric acid solutions by a 
'trace of a ferric compound is so strong, and the reducing action of 
stannous chloride is so rapid, that a method of titration is based 
upon the quantity of a standard solution of stannous chloride 
required to completely decolorise a solution containing ferric 
iron. This method is more especially adapted for the assay of 
liquors containing much ferric iron and of those oxidised ores 
which are completely soluble in hydrochloric acid. It must be 
remembered, however, that it only measures the ferric iron pre- 
sent, and when (as is generally the case) the total iron is wanted, 
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it is well to calcine the weighed portion of ore previous to- 
solution in order to get the whole of the iron into the higher- 
state of oxidation, since many ores which are generally supposed 
to contain only ferric iron carry a considerable percentage of" 
ferrous. 

Tlie 8tann(yu8 chloride solution is made by dissolving 20 grams 
of the commercial salt (SnCl,.2ll30) in 100 c.c. of water with the- 
help of 20 c.c. of dilute hydrochloric acid, and diluting to a litre. 
The solution may be slightly opalescent, but should show no- 
signs of a precipitate. The strength of this is about equivalent 
to I gram of iron for each 100 c.c. of the solution, but it is apt to 
lessen on standing, taking up oxygen from the air, forming stannic • 
chloride. A larger proportion of hydrochloric acid than is ordered 
above would remove the opalescence, but at the same time increase 
this tendency to atmospheric oxidation, as the following experi- 
ments show. The stannous chloride solution (20 c.c.^ was mixed 
with varying amounts of strong hydrochloric acid (sp. g. 1.16), . 
diluted to 100 c.c, and exposed in open beakers for varying 
lengths of time ; and the residual stannous chloride measured by 
titration with permanganate. The quantities required were as- 
follows : — 



\e Exposed. 


50 per cent. Acid. 


10 per cent. Add. 


I per cent. Acid. 


I hour 

1 day 

2 days 


33.2 c.c. 
3-0 » 


34.4 cc. 
24.0 „ 

14.5 " 


34-5 C.C 
.. 27.6 „ 
21.3 „ 



These indicate very clearly the increased susceptibility to oxida- 
tion in strongly acid solutions. 

A standard solution 0/ ferric cMoride is prepared in the same 
manner as that described under the experiments on the methods 
of reduction; but it should be of twice the strength, so that 
100 c.c. may contain i gram of iron. This solution is used for 
standardising the stannous chloride when required ; and must be 
carefully prepared ; and tested for the presence of nitric acid. 

The titration is more limited in its application than either of 
the oxidising processeis because of the restrictions as to bulk, quality 
and quantity of free acid present, and other conditions of the - 
solution to be assayed. The following experiments show the con- 
ditions necessary for a successful titration. 

Effect of Varying Temperature. — Twenty c.c. of ferric- 
chloride solution with 20 c.c. of strong hydrochloric acid, diluted 
to 50 c.c, gave the following results when titrated :— 

Temperature . . .15° 30^* 70" 100** 

Stannous chloride required 22.8 cc 22.0 c.c. 22.1 cc. 22.0 cc. 

The finishing point, however, is more distinct the hotter the 
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solution ; so that it is best in all cases to run the standard into 
the boiling solution. 

Effect of Varying Bulk. — Solutions containing the same 
quantity of iron and acid as the last, but diluted to various bulks, 
and titrated while boiling, gave the following results : — 

Bulk 30 CO. 100 CO. 500 CO. 

Stannous chloride required . 21.5 „ 21.7 „ 24.3 „ 

Effect of Varying Quantities of Hydrochloric Acid.— In 
these experiments the bulk before titration was 50 c.c. except in 
the last, in which it was 70 c.c. With less than 5 c.c. of strong 
hydrochloric acid the finishing point is indistinct and prolonged. 

c.c. 50 c.c. 



Strong hydrochloric 

acid present . 5 c.c. 
Stannous chloride 


10 c.c. 20 c.c. 30 


required . . 21.1 „ 


21. 1 „ 21.2 „ 21.8 



Effect of Free Sulphuric Acid. — In these experiments 20 c.c. 
of hydrochloric acid were present, and the bulk was 50 c.c. 

Strong sulphuric acid 

present . . . — c.c. 3 c.c. 5 c.c. 10 c.c. 
Stannous chloride 

required. . . 21.6 „ 22.3 „ 22.9 „ 23.1 „ 

This interference of strong sulphuric acid may be completely 

counteracted by somewhat modifying the mode of working. 

Another experiment, like the last of this series, required 21.6 c.c. 
Effect of Foreign Salts. — Experiments in which 10 grams of 

various salts were added showed them to be without effect. The 

results were as follows : — 

Salt present ... — AmCl Am^SO^ MgCLj 

Stannous chloride required 21.6 c.c. 21.6 c.c. 21.6 c.c. 21.6 c.c. 

Salt present . . . CaCl^ FeCl^ ALjCl« 
Stannous chloride required 21.8 c.c. 21.6 c.c. 21.6 c.c. 

Effect of Varying Iron. — Titrating a solution (with 20 c.c. of 
hydrochloric acid) measuring 50 c.c, and kept boiling, the quan- 
tity of stannous chloride solution required is practically propor- 
tional to the iron present. 

Ferric chloride 

added . . i c.c. 10 c.c. 20 c.c. 50 c.c. 100 c.c. 
Stannous chloride 

required . . i.i „ 10.5 „ 20.6 „ 51.4 „ 102.6 „ 

The student, having practised some of the above experiments, 
may proceed to the assay of an iron ore. 

Determination of Iron in Brown Iron Ore. — Weigh up 
1 gram of the dried and powdered ore, calcine in the cover of a 
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platinum crucible, and dissolve up in an evaporating dish* with 
20 c.c. of strong hydrochloric acid. When solution is complete, 
dilute to 50 c.c. after replacing any acid that may have been 
evaporated. Boil, and run in the stannous chloride solution until 
the colour is faintly yellow ; boil again, and continue the addition 
of the stannous chloride solution, stirring continuously until the 
solution appears colourless. Note the quantity of the stannous 
chloride solution required. Suppose this to be 59 c.c. Take 
60 c.c. of the standard ferric chloride solution, add 20 c.c. of 
hydrochloric acid, boU and titrate in the same way as before. 
Suppose this to require 61 c.c. Then as 61 is equivalent to 60 of 
the iron solution, 59 is equivalent to 58.i3.f This gives the per- 
centage. It is not necessary to standardise the stannous chloride 
solution in this way with each sample assayed, the ratio 61 : 60 
would serve for a whole batch of samples ; but the standardising 
should be repeated at least once each day. 

COIiOBIMETBIC METHOD. 

This method is valuable for the determination of small quantities 
of iron present as impurities in other metals or ores. It is based 
on the red coloration developed by the action of potassic sulpho- 
cyanate on acid solutions of ferric salts. 

Standard Ferric Chloride Solution, — ^Take i c.c. of the ferric 
chloride solution used for standardising the stannous chloride 
solution, add 2 c.c. of dilute hydrochloric acid, and dilute to i litre 
with water, i c.c. = 0.0 1 milligram. 

Sclviion of Potassic Sulphocyanate. — Dissolve 60 grams of the 
salt in water, and dilute to a litre. It should be colourless. Use 
10 c.c. for each test. 

The quantity of the substance to be weighed for the assay 
should not contain more than a milligram of iron ; consequently, 
if the ore contain more than o.i per cent, of that metal, less than a 
gram of it must be taken. 

The method is as follows : — Weigh up i gram of the substance 
and dissolve in a suitable acid; dilute; and add permanganate 
of potash solution until tinted. Boil for some time and dilute to 
100 c.c. Take a couple of Nessler tubes, holding over 100 c.c, 
but marked at 50 c.c. ; label them " i " and " 2 " ; and into each 

* About 5 inches in diameter. 

t 61 : 60 : : 59 : 58.13. 

The iron in the ore is, then, the same in amount as that in 58.13 c.c. of the 
ferric chloride solution ; and since 100 c.c. of the latter contain i gram of 
iron, 58.13 c.c. of the same contains 0.5813 gram of iron; and, further, if 
I gram of ore carries this amount of iron, 100 grams of ore will obviously 
give 58.13 grams of iron. 
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put lo c.c. of the potassic sulphocyanate solution and 2 c.c. of 
dilute hydrochloric acid. The solutions should be colourless. To 
** I " add 10 c.c. of the assay solution, and dilute to the 50 c.c. 
mark. To the other add water, but only to within 5 or 10 c.c. of 
this mark. Now run in the standard ferric chloride solution from 
a small burette, i c.c. at a time, stirring after each addition till 
the colour is nearly equal to that of the assay (No. i). At this 
stage bring the solution to the same level by diluting, and make 
a further addition of the standard ferric chloride solution till the 
colours correspond. The amount of iron will be the same in each 
tube; that in the standard may be known by reading off the 
volume from the burette and multiplying by 0.0 1 milligram. 

If the 10 c.c. of the assay solution gave a colour requiring more 
than 5 or 6 c.c. of the standard ferric chloride solution, repeat the 
determination, taking a smaller proportion. 

The effect of varying conditions on the assay will be seen from 
the following experiments : — 

Eflfect of Varying Temperature. — ^The effect of increase of 
temperature is to lessen the colour ; in fact, by boiling, the colour 
can be entirely removed. All assays are best carried out in the 
cold. 

1 c.c. at 15" would only show the colour of 0.75 c.c. at. 45° 

2 )) n It 11 ^'75 »» 
5 »j » »» »» 4«^ f» 

Effect of Time. — The effect of increase of time is to increase 
the colour, as will be seen from the following experiments :— 

2 0.0. on standing 10 minutes became equal to 2.25 c.c. 
2 „ „ 20 „ „ „ 2.75 „ 

2 „ „ 40 „ „ 11 3.00 „ 

Effect of Free Acid. — If no acid at all be present, the sulpho- 
cyanate of potassium solution removes the colour it first produces, 
so that a certain amount of acid is necessary to develop the colour. 
The use of a large excess has a tendency to increase the colour 
produced. 

5 c.c. nitric acid (sp. g. 1.4) read 3.7 c.c. instead of 2 c.c. with the dilute 

acid. 
5 c.c. sulphuric acid (sp. g. 1.32) read 2.2 c.c. instead of 2 c.c. with the 

dilute acid. 
5 c.c. hydrochloric acid (sp. g. 1.16) read 2.5 c.c. instead of 2 c.c. with the 

dilute acid. 

Effect of Foreign Metals. — Lead, mercury, cadmium, bis- 
muth, arsenic, tin, antimony, nickel, cobalt, manganese, aluminium, 
zinc, strontium, barium, calcium, magnesium, sodium, or potassium, 
when separately present in quantities of from 100 to 200 times 
the weight of iron present, do not interfere if they have previously 
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been brought to their highest oxidised condition by boiling with 
nitric acid or by treating with permanganate. Arsenic and phos- 
phoric acids interfere unless an excess of free hydrochloric or 
other acid is present. Oxalic add (but not tartaric acid) in minute 
quantities destroys the colour. Nitrous acid strikes a red colour 
with the sulphocyanate of potassium ; consequently, when nitric 
acid has been used in excess, high results may be obtained. Copper 
and some other metals interfere, so that in most cases it is advis- 
able to concentrate the iron before estimating it. A blank expe- 
riment should always be made with the reagents \ised in order to 
determine the iron, if any, introduced during the solution, &c., of 
the substance assayed. 

Determination of Iron in Metallic Copper. — ^This may be 
most conveniently done during the estimation of the arsenic. The 
small quantity of white flocculent precipitate which may be ob- 
served in the acetic acid solution before titrating, contains the 
whole of the iron as ferric arsenate- It should be filtered off, 
dissolved in 10 c.c. of dilute hydrochloric acid, and diluted to 
100 C.C. ; 10 c.c. of this maybe taken for the estimation. For 
example : 10 grams of copper were taken, and the iron estimated ; 
3.0 c.c. of standard ferric chloride solution were used, equivalent 
to 0.03 milligram of iron; this multiplied by 10 (because only 
yV*li of til© sample was taken) gives 0.3 milligram as the iron in 
10 grams of copper. This equals 0.003 P®^ cent. 

In a series of experiments with this method working on lo-gram 
•lots of copper, to which known quantities of iron had been added, 
'the following were the results : — 

Iron present . . 0.015 % oo7o7o o.ioo7o 0*495 7» 
Iron found , . 0.015 „ 0.061 „ 0.087 » 0.522 „ 

When no arsenic is present in the copper, the iron can be sepa- 
rated by fractionally precipitating with sodic carbonate, dissolving 
in ammonia, and filtering off the ferric hydrate. Coppers gene- 
rally carry Inore iron the less arsenic they contain. 

Determination of Iron in Metallic Zinc. — ^Dissolve i gram 
of zinc in 10 c.c. of dilute hydrochloric acid, adding a drop or two 
of nitric acid towards the end to effect complete solution. Boil, 
dilute, and tint with the permanganate of potassium solution ; boil 
till colourless, and dilute to 100 c.c. Take 10 c.c. for the deter- 
mination. Make a blank experiment by boiling 10 c.c. of dilute 
hydrochloric acid with a drop or two of nitric add ; add a similar 
quantity of the permanganate of potassium solution, boiling, &c., 
as before. The quantity of iron in zinc varies from less than 
0,005 *o more than 2.0 per cent. When i gram is taken and 





210 TEXT-BOOK OF ASSAYING. 

worked as above, eAch c.e. of ferric chloride solution required indi- 
cates CO I per cent, of iron. 

Determination of Iron in Metallic Tin. — Cover i gram of 
tin with 5 c.c. of hydrochloric acid,- add i c.c. of nitric Acid, and 
evaporate to dryness. Take up with 2 c.c. of dilute hydrochloric 
acid, add 10 c.c. of the potassic sulphocyanate solution, and make 
up to 50 c.c. Probably the colour developed will be brown instead 
of red owing to the presence of copper : in this case, add to the 
standard as much copper as the assay is known to contain (which 
must have previously been determined ; see Copper); the titration 
is then carried out in the usual way. 

Or the iron may be separated from the copper in the tin by the 
following process : — Dissolve 5 grams of metal in 30 c.c. of hydro- 
chloric acid and 5 c.c. of nitric acid, and evaporate to dryness. 
Take up with 5 c.c. of dilute hydrochloric add, add 10 grams of 
potash dissolved in 30 c.c. of water, and warm till the tin is dis- 
solved. Pass sulphuretted hydrogen, boil, cool, and filter. The 
iron and copper will be in the precipitate. They are separated in 
the ordinary manner. 

PRACTICAL EXERCISES. 

1. Calculate from the following determinations the percentages of 

ferrous, ferric, and total iron in the sample of ore used. 

I gram of ore dissolved and titrated required 26.7 c.c. of 

bichromate of potassium solution. 
I gram of ore dissolved, reduced, and titrated required 43.5 c.C. 
of bichromate of potassium solution. 
Standard = 1.014. 

2. One gram of an ore contained 0.307 gram of ferrous iron and 0.655 gram 

of total iron. The iron existing aTs oxide, what are the per- 
centages of ferrous oxide (FeO) find ferric oxide (FcjOg) in 
the ore 7 

3. One gram of brown iron ore dissolved in hydrochloric acid required 

59.2 c.c. of stannous chloride (standard =0.930). Another gram 
dissolved in acid and titrated with " permanganate " required 
8. 2 c.c. (standard = o. 495 1 ). Calculate the percentages of ferrous, 
ferric, and total iron. 

4. Another gram of the same ore, roasted, dissolved and titrated with 

stannous chloride, required 63.5 c.c. To what extent does this 
result confirm the others ? 

5. Two grams of a metal were dissolved and diluted to 100 c.c. Five c.c. 

were taken for a colorimetric determination, and required 4.5 c.c. 
of the standard ferric chloride solution. What is the percentage 
of iron in the metal ? 
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Nickel and cobalt are closely related in their chemical proper- 
ties, and may best be considered together. Nickel is the commoner 
of the two, and is met with in commerce alloyed with copper and 
zinc as German silver ; as also in the coinage of the United States 
and on the Continent. It is used for plating polished iron and 
steel goods, forming a coating little liable to rust and taking a 
^ood polish. The ores of nickel are not very common. Kupfer- 
nickel and chloanthite are arsenides of nickel with, generally, 
more or less iron and cobalt. Noumeite and garnierite are 
hydrated silicates of nickel and magnesia. The chief sources of 
nickel are these silicates, which are found in large quantity in 
New Caledonia ; and a pyrites found in Norway, contfuning three 
or four per cent, of the metal. In smaller q\iantities it is more 
widely distributed, being frequently met with in copper ores; 
■consequently, commercial copper is rarely free from it. 

Nickel is readily soluble in moderately concentrated nitric acid. 
Its salts are mostly green, and soluble in excess of ammonia, 
forming blue solutions; in these respects it resembles copper. 
'The acid solutions, however, are not precipitated by sulphuretted 
hydrogen, although in alkaline solutions a black sulphide is 
formed which is insoluble in dilute hydrochloric acid. If the sul- 
phide is formed in a solution containing much free ammonia, the 
precipitation is incomplete, some sulphide remaining in the solu- 
tion and colouring it dark brown. These reactions serve to dis- 
tinguish and separate nickel from other metals^ except cobalt. If 
the separated sulphide be heated in a borax bead, the colour 
obtained will be a sherry brown in the outer flame, and grey or 
-colourless in the inner flame if nickel only is present. In the 
presence of cobalt these colours are masked by the intense and 
■characteristic blue yielded in both flames by that metal. 

DBY ASSAY. 

The dry assay of nickel (cobalt being at the same time deter- 
mined) is based on the formation of a speise which will carry the 
^cobalt, nickel, copper, and some of the iron of the ore in combina- 
tion with arsenic. A speise of this kind, fused and exposed at a 
red heat to air, first loses arsenide of iron by oxidation. It is 
only when the iron has been oxidised that the arsenide of cobalt 
begins to be attacked; and when the removal of the cobalt is 
complete, the nickel commences to pass into the slag, the copper 
being left till last. The changes are rendered evident by fusion 
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in contact with borax. The process is as follows : — ^Weigh up 5 
grams of the ore, and calcine thoroughly on a roasting dish in the 
muffle. Rub up with some anthracite, and re-roast. Mix inti- 
mately with from 3 to 5 grams of metallic arsenic, and heat in a 
small covered clay crucible at dull redness in a muffle until no 
more fumes of arsenic come off (about 15 minutes). Take out the 
crucible, and inject a mixture of 20 grams of carbonate of soda, 5 
grams of flour, and 2 grams of fused borax. Place in the wind 
furnace, and raise the temperature gradually until the charge is 
in a state of tranquil fusion. Pour; when cold, detach the 
button of speise, and weigh. 

Weigh out carefully a portion of about i gram of it. Place a 
shallow clay dish in the muffle, and heat it to bright redness ; then 
add about 1.5 gram of borax glass wrapped in a piece of tissue 
paper ; when this has fused, drop the piece of speise into it. Close 
the muffle until the speise has melted, which should be almost at 
once. The arsenide of iron will oxidise first, and when this has- 
ceased the surface of the button brightens. Remove it from the 
muffle, and quench in water as soon as the button has solidified. 
The borax should be coloured slightly blue. Weigh : the loss is- 
the arsenide of iron. Repeat the operation with the weighed 
button on another dish, using rather less borax. Continue the 
scorification until a green film floating on the surface of the button 
shows that the nickel is beginning to oxidise. Cool, separate, and 
weigh the button as before. The loss is the arsenide of cobalt. 

If copper is absent, the speise is now arsenide of nickel. 

The weight of nickel corresponding to the arsenide got is cal- 
culated by multiplying by 0.607 ; and, similarly, the weight of the 
cobalt is ascertained by multiplying the loss in the last scorifica- 
tion by 0.615.* It must be remembered that the nickel and 
cobalt so obtained are derived from a fraction only of the speise 
yielded by the ore taken, so that the results must be multiplied by 
the weight of the whole of the speise, and divided by the weight 
of the fragment used in the determination. As an example,, 
suppose 5 grams of ore gave 3.3 grams of speise, and i.i gram of 
this gave 0.8 gram of nickel arsenide. Then — 

0.8 X 0.607 = 0.4856 gram of nickel 
0.4856 X 3.3-2-1.1 = 1.456 gram of nickel 
And this being obtained from 5 grams of ore is equivalent to 29.1 2- 
per cent. 

When copper is also present, weigh up accurately about 0.5 
gram of gold, and place it on the scorifier with the button of 
nickel and copper arsenide, using borax as before. Scorify until 

♦ These compounds are Ni., As and CojA»i 
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the button shows the bhiish-green colour of a fused gold-copper 
alloy. Then cool, and weigh the button of copper and gold. The 
increase in weight of the gold button gives the copper as metal. 
The weight of the copper multiplied by 1.395 is the weight of the 
copper arsenide (CugAs) present. The difference will be the 
nickel arsenide. 

The student should enter the weighings in his book as follows : 



Ore taken . . . — grams 




Speise got . . . — „ 




Speise taken 


, — grams 


Arsenides of cobalt, nickel, and copper 


• }i 


„ nickel and copper , 


• j» 


Gold added 


• —" }f 


Gold and copper got • 


• »» 


Showing Cobalt . 


. — per cent. 


Nickel . 


• j» 


Copper 


• »f 



WET METHODS. 

Solution and Separation. — Two or three grams of a rich ore, 
or 5 to 10 grams if poor, are taken for the assay. If much 
arsenic is present (as is usually the case), the ore must be calcined 
before attacking with acids. Transfer to a flask ; and boil, flrst 
with hydrochloric acid until the oxides are dissolved, and then 
with the help of nitric acid, until nothing metalliferous is left. 
Dilute, nearly neutralise with soda, and separate the iron as basic 
acetate,* as described in page 193. Through the filtrate pass 
sulphuretted hydrogen till saturated. Allow to settle (best over- 
night), filter, and wash. Transfer the precipitate to a beaker, and 
dissolve in nitric acid. Dilute with water, pass sulphuretted 
hydrogen, and filter off the precipitate, if any. Boil off the gas, 
add ammonia until a precipitate is formed, and then acidify some- 
what strongly with acetic acid. Pass sulphuretted hydrogen in a 
slow stream until any white precipitate of zinc sulphide, there may 
be, begins to darken. Filter ; to the filtrate add ammonia, and 
pass sulphuretted hydrogen. The precipitate will contain the 
nickel and cobalt as sulphides. 

Where small quantities of nickel and cobalt are present, and an 
approximate determination is sufficient, they can be concentrated 
as follows : — Remove the copper, &c., by passing sulphuretted 
hydrogen through the acid solution and filtering ; add ammonia 

* With large quantities of iron the ferric precipitate should be re- 
dissolved and re-precipitated. The filtrate must be added to the original 
filtrate. 
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to the filtrate, and again pass sulphuretted hydrogen ; tlien heat 
nearly to boiling, and filter. Dissolve the precipitate off' the filter 
with dilute hydrochloric acid ; the residue will contain nearly all 
the nickel and cobalt as sulphides. 

Separation of Nickel and Cobalt. — Dissolve the sulphides 
separated as above in nitric acid ; render alkaline with a solution* 
of potash, then acidify with acetic acid j add a concentrated solu- 
tion of nitrite of potash. The liquid after this addition must have 
an acid reaction. Allow to stand for 24 hours in a warm place. 
Filter off* the yellow precipitate of nitrite of potash and cobalt, and 
wash with a 10 per cent, solution of acetate of potash. The cobalt 
is determined in the precipitate in the way described under Cobalt, 
The nickel is separated from the solution by boiling with sodic 
hydrate, filtering, and dissolving the precipitate in nitric acid.. 
The solution will contain the nickel. 



GBAVlMETBIC DETERMINATION. 

The solution, which contains the nickel free from other metals,, 
is heated, and a solution of sodic hydrate added in sHght excess. 
The precipitate is filtered off*, washed with boiling water, dried^ 
ignited at a red heat, and weighed when cold. The ignited sub- 
stance is nickel oxide (NiO), and contains 78.67 per cent, of nickeL 
The oxide is a green powder, readily and completely soluble in 
hydrochloric acid, and without action on litmus paper. It is very 
easily reduced by ignition in hydrogen to metallic nickel. 

Nickel is also determined by electrolysis, as follows : — The nitric 

acid solution is rendered 
strongly ammoniacal, and 
placed under the electrolytic 
apparatus used for the copper 
assay. Three cells (tig. 56)^ 
however, must be usedy 
coupled up for intensity, that 
is, with the zinc of one con- 
nected with the copper of the 
next. The electrolysis is 
allowed to go on over-night, and in the morning the nickel will be 
deposited as a bright and coherent film. A portion of the solu- 
tion is drawn off* with a pipette ; if it smells of ammonia, has no 
blue colour, and gives no precipitate with ammonic sulphide, the 
separation is complete. Wash the cylinder containing the de- 
posited metal, first with water and then with alcohol, as in the 
copper assay. Dry in the water oven, and weigh. The increase 
in weight is metallic nickel. 
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As an example : — There was taken i gram of a nickel alloy used 
for coinage. It was dissolved in lo c.c. of nitric acid, and diluted 
to I GO c.c. with water. The copper was then precipitated by 
electrolysis. It weighed 0.734 gram. The solution, after elec- 
ti-olysis, was treated with sulphuretted hydrogen, and the remain- 
ing copper was thrown down as sulphide, and estimated colori- 
metrically. This amounted to 3^ mUligrams. The filtrate was 
evaporated, treated with ammonia, warmed, and filtered. The 
ferric hydrate was dissolved in dilute acid, and reprecipitated, dried, 
ignited, and weighed. Its weight was 0.0310 gram. The two 
filtrates were mixed, and reduced in bulk to about 50 c.c. ; a 
considerable excess of ammonia was added, and the nickel precipi- 
tated by electrolysis. It weighed 0.2434 gmm. These quantities 
are equivalent to : 

Copper . * . 73.75 per cent. 

Nickel . . . 24.34 „ 

Iron . . . 2.27 „ 



100.26 
The volumetric and colorimetric methods for nickel are little 
used. 

COBALT 

Occurs less abundantly than nickel. Its chief ores are smaltite 
and cobaltite, which are arsenides of cobalt, with more or less iron, 
nickel, and copper. It also occurs as arseniate in erjrthrine, and 
as oxide in asbolan or eai-thy cobalt, which is essentially a wad 
carrying cobalt. 

It is mainly used in the manufacture of smalts for imparting a 
blue colour to glass and enamels. The oxide of cobalt forms 
coloured compounds with many other metallic oxides. With oxide 
of zinc it forms " Rinman's green " ; with alumina, a blue ; with 
magnesia, a pink. This property is taken advantage of in the 
detection of substances before the blow-pipe. 

The compounds of cobalt in most of their properties closely re- 
semble those of nickel, and the remarks as to solution and separa- 
tion given for the latter metal apply here. Solutions of cobalt are 
pink, whilst those of nickel are green. 

The detection of cobalt, even in very small quantity, is rendered 
easy by the strong blue colour which it gives to the borax bead, 
both in the oxidising and in the reducing flame. It is concen- 
trated from the ore in the same way as nickel, and should be 
separated from that metal by means of potassic nitrite in the way 
described. The dry assay of cobalt has been given under NickeL 
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GBAVIMETRIC METHOD. 

The yellow precipitate from the potassium nitrite, after being 
washed with the acetate of potash, is washed with alcohol, dried , 
transferred to a weighed porcelain crucible, and cautiously ignited 
with an excess of strong sulphuric acid. The heat must not be 
sufficient to decompose the sulphate of cobalt, which decomposi- 
tion is indicated by a blackening of the substance at the edges. 
The salt bears a low red heat without breaking up. If blacken- 
ing has occurred, moisten with sulphuric acid, and ignite again. 
Cool and weigh. The substance is a mixture of the sulphates of 
cobalt and potash (2C0SO4 + 3K,S0J, ^^^ contains 14.17 per 
cent, of cobalt. 

Cobalt is also gravimetrically determined, like nickel, by elec- 
trolysis, or by precipitation with sodic hydrate. In the latter 
case, the ignited oxide will be somewhat uncertain in composition, 
owing to its containing an excess of oxygen. Consequently, it is 
better to reduce it by igniting at a red heat in a current of 
hydrogen and to weigh it as metallic cobalt. 

Volumetric and colorimetric methods : — The remarks made 
under Nickel apply here. 

PRACTICAL EXERCISES. 

1. In the dry assay of an ore containing cobalt, nickel, and copper, the 

following results were obtained. Calculate the percentages. 
Ore taken, 5 grams. Speise formed, 0.99 gram. Speise taken, 
0.99 gram. Arsenides of cobalt, nickel, and copper got, 0.75 gram. 
Arsenide of nickel and copper got, 054 gram. Gold add^, 0.5 
gram. Gold and copper got, 0.61 gram. 

2. Calculate the percentage composition of the following compounds : 

COjAs, NijAs, and CugAs. 

3. A sample of mispickel contains 7 per cent, cobalt. What weight 

of the mixed sulphates of potash and cobalt will be obtained in a 
gravimetric determination on i gram of the ore ? 

4. 0.3157 gram of metal was deposited by the electrolysis of a nickel 

and cobalt solution. On dissolving in nitric acid and determining 
the cobalt 0.2563 gram of potassium and cobalt sulphates were 
got. Find the weights of cobalt and nickel present in the 
deposit. 

5. What should be the percentage composition of pure cobaltite, its 

formula being CoAsS 1 
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ZINC. 



Zinc occurs in nature most commonly as sulphide (blende) ; it 
also occurs as carbonate (calamine) and silicate (smithsonite). 
Each of these is sufficiently abundant to be a source of the 
metal. 

The metal is known in commerce as " spelter " when in ingots, 
and as sheet zinc when rolled. It is chiefly used in the form of 
alloys with copper, which are known as brasses. It is also used 
in the form of a thin film, to protect iron goods from rusting 
— galvanised iron. 

Ores of zinc, more especially blende, are met with in most lead, 
•copper, gold, and silver mines, in larger or small quantities 
scattei^ through the lodes. Those ores which generally come 
under the notice of the assayer are fairly rich in zinc ; but alloys 
And metallurgical products cont<ain it in very varying proportions. 

Zinc itself is readily soluble in dilute acids ; any residue which 
is left after boiling with dilute hydrochloric or sulphuric acid 
•consists simply of the impurities of the metal ; this is generally 
lead. 

All zinc compounds are either soluble in, or are decomposed by, 
boiling with acids, the zinc going into solution. Zinc forms only 
one series of salts, and these are colourless. Their chief charac- 
i^ristic is solubility in an alkaline solution, from which sulphu- 
retted hydrogen produces a white precipitate of zinc sulphide. 
Zinc is detected by dissolving the substance in* hydrochloric or 
nitric acid, boiling, and adding sodic hydrate in excess, fQtering, 
and adding ammonic sulphide to the filtrate. The precipitate 
contains the zinc, which can be dissolved out by boiling with 
dilute sulphuric acid, and detected by the formation of a white 
precipitate on the addition of potassic ferrocyanide. 

The dry assay of zinc can only be made indii-ectly, and is un- 
satisfactory. Zinc is volatile, and at the temperature of its 
reduction is a gas. It is impracticable to condense the vapour so 
as to weigh the metal, consequently its amount is determined by 
loss. The following method gives approximate results : Take lo 
grams of the dried and powdered ore and roast, first at a low 
temperatiu'e and afterwards at a higher one, with ■ the help of 
carbonate of ammonia to decompose the sulphates formed ; cool 
and weigh. The metals will be present as oxides. Mix with 
2 grams of powdered charcoal and charge into a black-lead 
"Crucible heated to whiteness, cover loosely, and leave in the 
furnace for about a quarter of an hour. Uncover and calcine the 
residue, cool and weigh. The loss in weight multiplied by 8.03 
gives the percentage of zinc in the ore. 
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WET METHODS. 

Solution and sepai-ation may be eftected as follows : Treat i or 3 
gi*ams of the substance with 10 or 30 c.c. of hydrochloric acid or 
aqua regia; evaporate to dryness; take up with 10 c.c. of hydro- 
chloric acid and dilute to 100 c.c; heat nearly to bofling; 
saturate with sulphuretted hydrogen ; filter, and wash with water 
acidulated with hydrochloric acid. Boil oft* the sulphuretted 
hydrogen and peroxidise with a few drops of nitric acid. Cool ; 
add caustic soda till nearly, but not quite, neutralised, and separate 
the iron as basic acetate by the method described under Iraa. To 
the filtrate add ammonia till alkaline, and pass sulphuretted 
hydrogen. Allow to settle and decant on to a filter. Dissolve 
off the precipitate from the filter with hot dilute hydrochloric 
acid. The solution will contain the zinc, together with any man- 
ganese the ore contained, and, perhaps, traces of nickel and cobalt. 
If the zinc is to be determined volumetrically, and manganese is- 
present, this latter is sepai*ated with carbonate of ammonia, as 
described further on ; but if a gravimetric method is used, and 
only small quantities of manganese are present, it is better to 
proceed as if it were absent, and to subsequently determine its. 
amount, which should be deducted. 

GBAVIMETBIC DETEBMINATION. 

The solution containing the zinc is contained in an evapoiuting 
dish, and freed from sulphuretted hydrogen by boiling, and, if 
necessary, from an excess of acid by evaporation. The evaporat- 
ing dish must be a large one. Cautiously add sodium carbonate 
to the hot, moderately dilute solution, until the liquid is dis- 
tinctly alkaline, and boil. Allow the precipitate to settle, decant 
on to a filter, and wash with hot water. Dry, transfer to a 
porcelain crucible (cleaning the paper as much as possible), add 
the ash, ignite, and weigh. The substance weighed is oxide of 
zinc, which contains 80.26 per cent, of the metal. It is a white . 
powder, becoming yellow when heated. It must not show an 
alkaline reaction when moistened. If it contains manganese this 
metal will be present as sesquioxide (Mn^Oa). Its amount can 
be determined by dissolving in dilute acid and boiling with an 
excess of sodic hydrate. The oxide of manganese will be pre- 
cipitated, and can be ignited and weighed. Its weight multiplied 
^y 1-035 niust be deducted from the weight of oxide of zinc 
previously obtained. The results yielded by the gravimetric 
determination are likely to be high, since the basic carbonate of 
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zinc frequently carries down with it more or less soda which is 
difficult to wash off. 

VOLUMBTKIC DETEKMIWATIOW. 

This method is based on the facts that zinc salts in an acid 
solution decompose potassium ferrocyanide, forming a white in- 
soluble zinc compound ; and that an excess of the ferrocyanide 
can be detected by the brown coloration it strikes with uranium 
acetate. The method resembles in its working the bichromate 
iron assay. The standard solution of potassium ferrocyanide is 
run into a hot hydrochloric acid solution of the zinc until a drop 
of the latter brought in contact with a drop of the indicator 
(uranium acetate) on a white plate strikes a brown colour. The 
quantity of zinc in the solution must be approximately known ; 
run in a little less of the ferrocyanide than is expected will b^ 
necessaiy ; test a drop or two of the assay, and then run in, one or 
two c.c. at a time, until the brown colour is obtained. Add 5 c.c. 
of a standard zinc solution, equivalent in strength to the standard 
" ferrocyanide," re-titrate, and finish off cautiously. Of course 
5 c.c. must be deducted from the reading on the burette. The 
precipitate of zinc ferrocyanide formed in the assay solution is 
white ; but if traces of iron are present, it becomes bluish. If 
the quantity of ferrocyanide required is known within a few c.c, 
the finishing point is exactly determined in the first titration 
without any addition of the standard zinc solution. Unfortunately 
this titration serves simply to replace the gravimetric deternlina- 
tion, and does not, as many volumetric processes do, lessen the 
necessity for a complete separation of any other metals which 
are present. Most metals give precipitates with ferrocyanide of 
potassium in acid solutions. If the conditions are held to, the 
titration is a fairly good one, and differences in the results of an 
assay will be due to error in the separation. Ferric -hydrate 
precipitated in a fairly strong solution of zinc will carry with it 
perceptible quantities of that metal. Similarly, large quantities 
of copper precipitated as sulphide by means of sulphuretted 
hydrogen will cany zinc with it, except under certain nicely 
drawn conditions. "When much copper is present it is best 
separated in a nitric acid solution by electrolysis. The titration 
of the zinc takes less time, and, with ordinary working, is more 
trustworthy than the gravimetric method. 

The staridard ferrocyanide solution is made by dissolving 43. 1 
grams of potassium ferrocyanide (K4FeCyg.3HjO) iii water, and 
diluting to a litre. One hundred c.c. are equal to i gram of 
zinc. 
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Tlie standard zinc soliUion is made by dissolving lo grams of 
-pure zinc in 50 c.c. of hydrochloric acid and 100 or 200 c.c. of 
water, and diluting to i litre, or by dissolving 44.15 grams of 
zinc sulphate (ZnS0^.7H,0) in water with 30 c.c. of hydro- 
chloric acid, and diluting to i litre. One hundred c.c. will 
^contain i gram of zinc. 

The uranium acetate aolutuxn is made by dissolving 0.2 gram of 
the salt in 100 c.c. of water. 

To standardise the " ferrocyanide " measure off 50 c.c. of the 
;Standard zinc solution into a 10 oz. beaker, dilute to 100 c.c, and 
jheat to about 50" C. (not to boiling). Run in 47 or 48 c.c. of the 
•** ferrocyanide " solution from an ordinary burette, and finish off 
<;autiously. Fifty divided by the quantity of " ferrocyanide " 
solution required gives the standard. 

In assaying ores, &c., take such quantity as shall contain from 
0.1 to I gram of zinc, separate the zinc as sulphide, as already 
directed. Dissolve the sulphide off the filter with hot dilute 
hydrochloric acid, which is best done by a stream from a wash 
bottle. Evaporate the filtrate to a paste, add 5 c.c. of dilute 
hydrochloric acid, dilute to 100 c.c. or 150 c.c, heat to about 
50** C, and titrate. Manganese, if present, counts as so much 
zinc, and must be specially separated, since it is not removed by 
the method already given. The following method will effect its 
removal. To the hydrochloric acid solution of the zinc and man- 
ganese add ammonic chloiide and an excess of ammonic carbonate ; 
allow to stand in a warm place, filter off the manganese carbonate, 
a,nd wash with hot water. The filtrate is acidulated with hydro- 
chloric acid and titrated. 

The following experiments show the effect of variation in the 
conditions of the assay : — 

Effect of Varying Temperature. — Using 20 c.c. of the 
standard zinc solution, 5 c.c. of dilute hydrochloric acid, and di- 
luting to 100 c.c. 

Temperature . . . 15° C. 30" C. 70° C. 100° C. 
" Ferrocyanide " required 20.6 c.c. 20.3 c.c. 20.3 c.c. 20.3 c.c 

The solution can be heated to boiling before titrating without 
interfering with the result ; but it is more convenient to work 
with the solution at about 50° C. Cold solutions must not be 
used. 

Effect of Varying Bulk. — These were all titrated at about 
50° C, and were like the last, but with varying bulk. 

Bulk .... 25.0 c.c. 50.0 c.c. loo.o c.c. 200.0 c.c. 
" Ferrocyanide " required 20.2 „ 20.4 „ 20.3 „ 20.4 ,, 

Any ordinary variation in bulk has no effect. 
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Effect of Varying Hydrochlorio Acid. — ^With loo c.c. 
bulk and varying dilute hydrochloric acid the results were : — 

Acid added . o.o c.c. i.o c.c. 5.0 c.c. lo.o c.c. 20.0 c.c. 
" Ferrocyanide " 
required . 24.4 „ 2a2 „ 20.3 „ 20.3 „ 20.7 „ 

Effect of Foreign Salts. — The experiments were carried out 
under the same conditions as the others. Five grams each of the 
following salts were added ; — 



Salt added . . .| 



Ammonic Ammonic Sodium Sodium 
chloride, sulphate, chloride, sulphate. . 
*' Ferrocyanide " required 20.3 c.c. 20.5 c.c. 20.6 c.c. 20.4 c.c. 

Salt added . . .{ ^^ts^ Ma^^esium ^, 

** Ferrocyanide " required 20.2 c.c. 20.4 c.c. 20.4 c.c. 

In a series of experiments in which foreign metals were present" 
to the extent of 0.050 gram in each, with 20 c.c. of zinc solution 
and 5 c.c. of dilute hydrochloric acid, those in which copper 
sulphate, ferrous sulphate, and ferric chloride were used, gave (as - 
might be expected) so strongly coloured precipitates that the end 
reaction could not be recognised. The other results were : — 

•'Ferrocyanide" 
required. 

With nothing added 20.3 c.c. 

„ 0.050 gram lead (as chloride) . . . 20.9 „ 
„ 0.050 „ manganese (as sulphate) . 25.5 „ 
„ 0.050 „ cadmium (as sulphate) . . 23.5 „ 
„ 0.050 „ nickel (as sulphate) . .26.2 „ 

Effect of Varying Zinc. — These were titrated under the- 
usual conditions, and gave the following results : — 

Zinc added . i.oc.c. 10.0 c.c. 20.0 c.c. 50.0 c.c. loo.o c.c. 
" Ferrocyanide " 
required , i.i „ 10.2 „ 20.3 „ 50.6 „ loi.o „ 

Determination of Zinc in a Sample of Brass. — Take the 
solution from which the copper has been separated by electrolysis 
and pass sulphuretted hydrogen until the remaining traces of 
copper and the lead are precipitated, filter, boil the solution free 
from sulphuretted hydrogen, put in a piece of litmus paper, and 
add sodic hydrate solution in slight excess ; add 10 c.c. of dilute 
hydrochloric acid (which should render the solution acid and 
clear) ; warm, and titrate. 

A sample of 0.5 gram of brass treated in this manner required 
16.4 c.c. of "ferrocyanide" (standard 100 c.c. = 0.9909 zinc),, 
which equals 0.1625 gram of zinc or 32.5 per cent. 
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Determination of Zinc in Blende. — Dissolve i gmm of the 
-dried and powdered sample in a flask with lo c.c. of hydro- 
chloric acid and i c.c. of nitric acid, evaporate to a small bulk, 
and take up with 50 c.c. of water. Add 10 c.c. of dilute ammonia 
and a small lump of ammonic carbonate; wai'm, and filter. If 
the precipitate is bulky dissolve in 3 c.c. of dilute hydrochloric 
acid, and reprecipitate with 5 c.c. of dilute ammonia and with 
ammonic carbonate as before. Mix the filtrates (to which, if blue, 
3 or 4 drops of ammonic sulphide is added to remove the colour), 
acidify with 10 c.c. of dilute hydrochloric acid, dilute to 100 c.c, 
and titrate. 

The following is an example: i gram of an impure blende 
treated in this manner required, in duplicate experiments, 
43.2 c.c. and 43.5 c.c., giving a mean of 43.35 c.c, or 42.9 per 
<jent. of zinc. 

Determination of Zinc in Silver Precipitate. — This pre- 
'Cipitate contains lead sulphate, silver, copper, iron, zinc, lime, *fec. 
"Weigh up 5 grams of the sample, and extract with 30 c.c. of dilute 
.sulphuric acid with the aid of heat. Separate the copper with sul- 
phuretted hydrogen, peroxidise the ii'on with a drop or two of 
nitric acid, and separate as acetate. Render the filtrate ammo- 
niacal, pass sulphuretted hydrogen ; warm, and filter. Dissolve 
the precipitated zinc sulphide in dilute hydrochloric acid, evapo- 
rate, dilute, and titrate. Silver precipitates carry about 2.5 per 
.cent, of zinc. 

GASOMETBIC METHOD. 

Metallic zinc is readily soluble in dilute hydrochloric or sulphuric 
acid, hydrogen being at the same time evolved.* The volume of 
the hydrogen evolved is obviously a measure of the amount of 
;zinc present in the metallic state. The speed with which the 
reaction goes on (even in the cold) and the insolubility of 
hydrogen renders this method of assay a convenient one. It is 
especially applicable to the determination of the proportion of 
zinc in zinc dust. The apparatus described in the chapter on 
gasometric method is used. The method of working is as follows : 
Fill the two burettes with cold water to a little above the zero 
mark, place in the bottle about 0.25 gram of the substance to be 
determined, and in the inner phial or test tube 5 c.c. of dilute 
fiulphuric acid ; cork the apparatus tightly and allow to stand for 
a few minutes ; then bring the water to the same level in the two 
burettes by running out through the clip at the bottom. Read 
off the level of the liquid in the graduated burette. Turn the 

* Zn + HgSO^ = H2 + ZnSO,. 
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bottle over sufficiently to spill the acid over the zinc, and then 
run water out of the apparatus so as to keep the liquid in the 
two burettes at the same level, taking care not to run it out more 
quickly than thQ hydrogen is being generated. "When the volume 
of gas ceases to increase, read off the level of the liquid, deduct 
the reading which was started with; the difference gives the 
Volume of hydrogen evolved. At the same time read off the 
volume of air in the "volume corrector," which must be fixed 
alongside the gas burettes. Make the correction. For example : 
A piece of zinc weighing 0.2835 gram was found to give 99.9 c.c. 
of gas at a time when the corrector read 104 c.c* Then the 
corrected volume is 

104 : 100:: 99.9 : X, 
X = 96.0 c.c. 
100 c.c. of hydrogen at o" C. and 760 mm. is equivalent to 0.2912 
gram of zinc ; therefore the quantity of zinc found is 
100 : 96 :: 0.2912 : x, 
a; = 0.2795 gram of zinc. 
This being contained in 0.2835 gram ^^ metal is equivalent to 
98.5 per cent. 

As an example of a determination in which reducing the 
volume of liberated hydrogen to o" C. and 760 mm. is avoided, 
the following may be taken : — 

0.2315 gram of pure zinc gave 82.1 c.c. of gas; 
and the volume of air in the corrector was 103.6 c.c. 

0.2835 gram of the assay gave 99.9 c.c. of gas ; 
and the volume of air in the corrector was 104.0 c.c. ; 
104 : 103.6 :: 99.9 : x, 
a; = 99.5c.c. 
This is the volume of gas got in the assay if measured under 
the same conditions as the standard, 

82.1 : 99.5:: 0.2315 : X. 
03 = 0.2806. 
Then 0.2835 : 0.2806 :: 100 : x. 
« = 98.9 per cent. 
As these assays can be made quickly, it is well for the sake of 
greater accuracy to make them in duplicate, and to take the mean 
of the readings. One set of standardisings will do for any 
number of assays. The student must carefully avoid unnecessary 
handling of the bottle in w^hich the zinc is dissolved. 

Colorimetrio Method. — Zinc salts being colourless, there is 
no colorimetric determination. 

♦ These 104 c.c. are equivalent to 100 c.c. of dry air at o C. and 760 mm. 
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EXAMINATION OF COMMEBCIAIi ZINC. 

Take 20 grams of zinc, and dissolve them in dilute nitric acid ; 
boil, allow to settle ; filter ; wash, dry ; ignite . the precipitate, 
if any, and weigh as oxide of tin. Examine this for arsenic. 

XjOSuI. — Add ammonia and carbonate of ammonia to the liquid, 
and boil, filter off the precipitate, wash with hot water. Digest 
the precipitate with dilute sulphuric acid ; filter, wash, and weigh 
the sulphate of lead. 

Iron. — To the filtrate from the sulphate of lead add ammonia, 
and pass sulphuretted hydrogen ; digest, and filter. (Save the 
filtrate.) Dissolve the precipitate in hydrochloric acid, oxidise 
with nitric acid, and precipitate with ammonia. Wash, ignite, 
and weigh as ferric oxide. Calculate to iron. 

Arsenic. — To the filtrate from the sulphide of iron add hydro- 
chloric acid in slight excess ; filter off, and wash the precipitate. 
Rinse it back into the beaker, dissolve in nitric acid, filter from 
the sulphur, and add ammonia, in excess, and magnesia mixture. 
Filter off the ammonic-magnesic arsenate, and wash with dilute 
ammonia. Dry, ignite with nitric acid, and weigh as magnesic 
pyrarsenate. Calculate to arsenic, and add to that found with 
the tin. 

Copper. — To the filtrate from the ammonia and ammonic 
carbonate add sulphuric acid in small excess, and pass sulphuretted 
hydrogen. Allow to settle, filter, and wash. Rinse the precipi- 
tate into a beaker, boil with dilute sulphuric acid, and filter. (Save 
the filtrate.) Dry, bum the paper with the precipitate, treat 
with a drop or two of nitric acid, ignite, and weigh as copper 
oxide. Calculate to copper. 

Cadmium. — To the filtrate from the sulphide of copper add 
ammonia, so as to nearly neutralise the excess of acid, and pass 
sulphuretted hydrogen. Collect and weigh the precipitate as 
x»dmium sulphide, as described under Cadmium, 

PRACTICAL EXERCISES. 

1. What weight of hydrogen will be evolved in dissolving i gram of zinc 

in dilute sulphuric acid ? 

2. How many c.c. would this quantity of hydrogen measure at o** C. and 

760 m.m. ? (i litre weighs 0.0896 gram). 

3. a23 gram of zinc are found to give 77.9 c.c. of hydrogen. In 

another experiment under the same conditions 80.2 c.c. are got. 
What weight of zinc was used for the second experiment ? 
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4. A sample of blende is found to contain 55 per cent, of zinc. What 

percentage of zinc sulphide did the sample contain 7 

5. How much metallic lead would be precipitated from a solution of 

lead acetate by i gram of zinc ? 

CADMIUM. 

Cadmium occurs in nature as cadmium sulphide in greenockite, 
CdS, which is very rare. It is widely diffused in calamine, blende, 
and other zinc ores, forming, in some cases, as much as 2 or 3 
per cent, of the ore. Oxide of cadmium forms the ^' brown 
blaze " of the zinc smelters. 

Sulphide of cadmium is used as a pigment (cadmium yellow) ; 
and the metal and some of its salts are useful reagents. 

The salts of cadmium closely resemble those of zinc. The 
hydrate, however^ is insoluble in excess of potash, and the 
sulphide is insoluble in dilute acids. It forms only one series of 
salts. 

Cadmium is detected by giving with sulphuretted hydrogen in 
solutions, not too strongly acid, a yellow precipitate, which is 
insoluble in solutions of the alkalies, alkaline sulphides, or cyanide 
of potassium. 

Solution and Separation. — Substances containing cadmium 
are soluble in acids. The solution is evaporated to dryness (to 
render any silica that may be present insoluble) and taken up 
with 10 c.c. of dilute hydrochloric acid. Dilute to 100 c.c, and 
pass sulphuretted hydrogen. Filter, digest the precipitate with 
soda, wash, and boil with dilute sulphuric acid. Filter; the 
filtrate contains the cadmium and, possibly, a small quantity of 
zinc, from which it is best separated by reprecipitating with 
sulphuretted hydrogen. 

GBAVIMETBIC DETEBMINATION. 

The solution containing the cadmium freed from the other metals 
is precipitated with sulphuretted hydrogen in a moderately-acid 
solution. The precipitate is collected on a weighed filter, and 
washed, first with an acid solution of sulphuretted hydrogen, and 
afterwards with water. It is dried at 100° C. and weighed. If 
free sulphur is suspected to be present, extract with bisulphide of 
carbon, and again weigh. The residue is cadmium sulphide, 
which contains 77.78 per cent, of cadmium. It is a yellow 
powder insoluble in solutions of the alkalies, alkaline sulphides, or 
cyanida of potassium. It dissolves readily in acid. It cannot be 
ignited in a current of hydrogen without loss. 

P 
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VOIiUMBTBIC METHOD. 

The solution containing the cadmium is concentrated by evapora- 
tion, and mixed with an excess of oxalic acid and alcohol. The 
precipitate is filtered, washed with alcohol, dissolved in hot 
hydrochloric acid, and titrated with permanganate of potassium. 



( "7 ) 



CHAPTER XII. 

TIN— TUNGSTEN— TITANIUM, 

TIN. 

Tin occurs in nature as cassiterite (containing from 90 to 95 per 
«ent. of oxide of tin), which mineral is the source from which the 
whole of the tin of commerce is derived. Tin also occurs as 
sulphide combined with sulphides of copper and iron in the 
mineral stannine or bell-metal ore. It is a constituent of certain 
rare minerals, such as tantalite. 

The methods of assaying tin in actual use are remarkable when 
compared with those of other metals. The more strictly chemical 
methods are rendered troublesome by the oxide being insoluble 
in acids, resembling in this respect the gangue with which it is 
associated. Moreover, it is not readily decomposed by fusion 
with alkalies. The oxide has first to be reduced to metal before 
the tin can be dissolved. The reduction may be performed by 
fusing with potassic cyanide, by heating to moderate redness in a 
current of hydrogen or coal gas, or by heating to a higher tem- 
perature with carbon. The reduced metal is only slowly dissolved 
by hydrochloric acid, and although it is readily soluble in aqua 
regia, the solution cannot be evaporated or freed from the excess 
of acids, by boiling, without loss of tin, because of the volatility 
of stannic chloride. There has long been a difficulty in getting 
a quick wet method. 

The process of assaying tin ores adopted in the mines of Corn- 
wall is a mechanical one known as " vanning," the object of which 
is to find the percentage of " black tin," which, it is well to re- 
member, is not pure cassiterite, much less pure oxide of tin. Tin 
•ore, as taken from the lode, contains from 2 to 5 per cent, of 
-cassiterite, and is mainly made up of quartz, felspar, chlorite, 
schorl, and other stony minerals, together with more or less 
mispickel, iron and copper pyrites, oxide of iron, and wolfram. 
The cassiterite has a specific gravity (6.4 to 7.1) considerably 
higher than that of the vein-stuff (2.5 to 3.0), and is concentrated 
by a series of washings till it is free from the lighter material, 
liose minerals which have a specific gravity approaching that of 
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the cassiterite are not completely removed. The mispickel and 
copper and iron pyrites are converted into oxides by roasting, and 
are in great part removed by a subsequent washing. The concen- 
trated product is known as ^' black tin," and in this condition is 
sold to the smelter. The chief foreiga matters in the black tin 
are silica, oxides of iron and copper, and wolfram, with traces of 
manganese and niobic acid ; and in certain stream ores there may 
be as much as 6 or 7 per cent, of titaniferous iron. The black 
tin from the mines contains from 5 to 12 per cent, of water, and 
is sold and assayed wet. A series of typical samples of black tin 
ranged as follows : — 



Sonroe of Material. 


Percentafce of Metal 
in Dry Ore. 


Spedfio Gravity. 


Good mine ore • 

Inferior do. . . . . 

Titaniferous stream ore 

Mine ore with wolfram 

Ore from stream works 


72.0 

71.5 
67.0 


5.99 



It will be seen from these figures that black tin is a very 
variable substance; and that the specific gravity is largely in- 
fluenced by the impurities ; hence, it is only an indication of the- 
percentage of metal when the same kind of ore is dealt with. 

As already pointed out, the object of vanning is to determine- 
the proportion of black tin in the lode stuff. The relation 
between the actual content in oxide of tin and the produce got 
by vanning has been tested on several occasions with results 
which show a fair degree of approximation. 

The following are some published results of assays of the same 
batch of ore. The vanning results were obtained by a Cornish 
vanner of recognised ability, and the wet assays by two London* 
firms of the highest standing : — 
Vanning results : 

(Average) pilbs. of " black tin." 
"Wet Assay results : 

A 83.7lbs. of stannic oxide. 

B 79.7lbs. „ 

The vanner reported his black tin as containing 70 percent, of 
tin. This will bring his result, if calculated as stannic oxide, to- 
80.9 lbs. to the ton ; which agrees with the others. 

According to our experience the " van " assay agrees fairly 
well with the " wet " one, if the black tin is assumed to contain 
92.5 per cent, of stannic oxide (SnOj). 

Yanners are, as a rule, skilful men, and show remarkable- 
dexterity in separating the black tin, with the help of their 
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apparatus, which consists simply of a shovel and a kieve of water. 
An account of the process is given further on. But different 
vanners, all good men, will get different results working on 
material new to them. The black tin weighed by the vanner is 
supposed to correspond in quality with the black tin returned 
from the floors of the mine for which he is assaying, but this 
differs materially in different mines with the nature of the gangue. 
The process leaves too much to the judgment of the vanner. It 
is more than probable that in practice the returns from the 
dressing-floors check the assayer, instead of, as should properly be 
the case, the assayer checking the returns. It is only when this 
last is done that any control is had over the system of dressing. 
A correct assay of this ore is a matter of some importance, 
because of the high price of the metal. 

The method of assaying the black tin is a dry one, and oonsistA 
of mixing it with ^* culm," and submitting it in a black-lead 
crucible to the highest temperature of a wind furnace. The 
sample is taken wet as it arrives at the smelting house, and is 
assayed direct. The product of the assay is examined, and a 
deduction of a considerable percentage is very properly made for 
impurities, since the assay really determines the percentage, not 
merely of tin, but of the bodies present which are reducible at a 
white heat. The judgment as to how much is to be deducted is 
assisted partly by an examination of the metal got from the assay, 
■and partly by the experience acquired in smelting similar ores. 
The produce, which is that of the impure tin, is stated in parts 
in twenty; thus a produce of 14 is equivalent to 70 per cent., or 
to 14 cwt. per ton. 

MECHANICAIi SEPARATION.— VANNING. 

This process, which has already been referred to, is carried out 
as follows : — After sampling the ore in the ordinary way, a quan- 
tity (varying with its richness) is weighed out. Special weights 
are generally used. The standard weight, marked 200, weighs 
about an ounce; with poor ores this quantity is taken for an 
Assay, but with richer ores 100 or even 50 is sufficient. The unit 
of weight has no special name, but the parts in 200 are spoken of 
as the produce ; thus, if 200 of ore were taken and 9.5 of black 
tin were separated, the produce would be 9I : obviously half the 
" produce " will give the percentage. The weighed portion of the 
•ore is placed on the vanning shovel. The vanner stands in front 
of a tub of water (kieve) and allows 30 or 40 c.c. of water to flow 
on to the ore. He then raises the shovel a little above the 
surface of the water, and, holding it nearly horizontal, briskly 
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rotates the water by imparting to the shovel a slight circular 
motion, passing into an elliptical one (front to back). This causes 
the finer mud to be suspended in the liquid, which is then run off, 
leaving the body of the ore in the centre of the shovel. This is- 
repeated until the water after standing a moment is fairly cleai-. 
About half as much water as before is brought on ; then, with a 
motion which is similar to the previous one, but with a jerk added 
in one direction, the heavier minerals are thrown up, and the 
stony matter brought back. The jerk is produced just as the wave 
of water is returning. The descending wave of water draws with- 
it the bulkier and lighter particles of the ore, whilst the heavier 
matter lying on the bottom is scarcely affected by it. The jerky 
motion, however, carries it to the front of the shovel. The lighter 
stuff is washed off, and the residue dried by holding the shovel 
over the furnace. It now corresponds, more or less, to the stuff 
which on the mine is sent to the calciner. It is swept from the 
shovel into a scoop, and transferred to a hot crucible ; in which it 
is calcined until free fix)m sulphur. Some vanners calcine their 
samples before commencing to van. The calcined ore is shaken 

out of the crucible on to 
the shovel ; rubbed up with 
a hammer ; and washed (as 
at first) to get rid of the 
finer and lighter '* waste." 
The separating motions are 
again gone through; and 
the " head " of the best of 
the black tin is thrown well 
up on one side of the shovel 
in the form of a crescent, 
so as to leave room on the 
shovel to work with the 
"tailings." The quantity 
of water used is kept low, to prevent this " ci*op " tin fi*om being- 
washed back again. The tailings are then crushed to fi^ee the 
tin fi*om adherent oxide of iron ; and again washed to throw up 
the I'emaining tin ore. As this tin is finely divided, it is more 
difficult to bring it up, so that a vigorous and rapid motion is 
required. The tailings are now washed off, and the whole of the 
black tin is brought into the centre of the shovel. It requires 
two or three washings more to free it from the waste it contains. 
Very small quantities of water are used. The purity of the black 
tin can be seen by its appearance on the shovel. The cleaned 
ore is dried as before, freed from particles of iron with the aid of 
a magnet, and weighed. The weighings are carried to Jth of the 
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lO 


4 


3 

5 


5.1 


3 

4 


3 


4 


12 
3 
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unit used. The following example illustrates the method of cal- 
culation adopted on the mine. A parcel of i ton 2 cwt. 3 qrs. of 
tin ore with a produce of 45 (equal to 22 J per cent.) contains 
5 cwt. o qrs. 12 lbs. of black tin. This result is obtained as 
follows : — 

ton cwt. qrs. 
123 

9 

equivalent to multiplying by 45. 

strike off the first figure to the right, 
multiply by 4 to reduce to quarters. 



4 15 
28 multiply by 28 to reduce to pounds. 

112 
15 

12.7 strike off the fii*st figure to the right. 

Similarly, a parcel of 20 tons la cwt. with a produce of 9^ con- 
tains 19 cwt. I qr. 25 lbs. of black tin. For the following infor- 
mation, as well as for much of that already given about vanning, 
we are indebted to Captain Reynolds, of Cook's Kitchen Mine. 
" To have a complete set of tools for all vanning purposes, it will 
be necessary to get the following : — A vanning shovel 14 inches 
long and 13 inches wide, weighing not over 2| pounds. It is 
made of hammered sheet iron of the shape shown in £g, 57. It 
must have a light wooden handle (preferably of deal) 3 feet long. 
A bruising hammer, weighing 2^ pounds, with a handle i foot 
long. A pair of tongs (furnace) 2^ feet long, made of |-inch 
round iron. And a set of ordinary clay crucibles for calcining. 
There ought to be two sets of scales and weights : the first should 
be confined to weighing the powdered tin stuff, and the second 
ought to be a much higher class one, for weighing the black tin 
obtained. The furnace for roasting the sample should be 10 inches 
square and 1 2 inches deep, with the fire-bars at the bottom three- 
quarters of an inch apart. The water-box for vanning in should 
be at least 4 feet long, 2 feet 6 inches wide, and 8 inches deep." 
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DBY MBTHODS. 

For the following description of the process adopted in Cornwall 
we are indebted to Mr. A. K. Bamett, F.G.S., of Chyandour. 

Cornish Method. — Tin Ore Assay. — ^The ore to be smelted or 
assayed should be concentrated to say not less than 50 per cent, 
of metallic tin ; though to obtain satisfactory results it should be 
brought nearer 70 per cent., as with ore containing less than 
40 to 50 per cent, of metal there will be a considerable loss both 
in the assaying and in the smelting. If the ore to be operated 
on does not contain this quantity of metal, then the sample 
(if coarse) must be reduced to a fine state, the gangue being 
removed by vanning, and the ore saved for the fire assay. 

The method adopted for the determination of tin in the ore 
is as follows: — ^About 2| ounces troy (1200 grains, or about 80 
grams) of the ore to be assayed is weighed out and mixed 
on a fiat copper pan (shaped with a long lip) with one-fifth 
of its weight (240 grains, or 15.5 grams) of powdered culm 
(anthracite). The mixture of ore and culm is either transferred 
to a black-lead crucible before the latter is put into the f umace, 
or, tis some prefer, it is carefully swept into a crucible which has 
been imbedded in the fire. Some assayers cover their pots with 
a flat cover placed loosely on, while others leave the mixture in 
the open pot. The furnace, which has been previously fired to a 
strong heat, is then covered, and the sample is subjected to a 
sharp fire for a period of from twelve to twenty minutes. No 
definite time can be stated, as, besides the strength of the fire, 
the quality and condition of the ore, and the impurities associated 
with it, greatly afiects the time required for the complete reduction 
of the ore. As soon as the mixture in the crucible has settled 
down to a uniform white heat, and any very slight ebullition 
which may have taken place has subsided, the crucible is gently 
shaken, removed from the fire (the culm-ash or slag which covers 
the metal being carefully drawn aside with an iron scraper), and 
the metal is poured quickly into an iron ingot-mould, which is 
usually placed on a copper pan to save the culm-slag and the 
adherent metal which comes out with it. The crucible is then 
carefully scraped, and the scrapings, together with the contents 
of the mould and pan, are transferred to a mortar. There the 
ingot of tin is freed from slag and then taken to the scales. The 
rest, after being finely powdered, is passed through a sieve. The 
flattened particles of tin which remain on the sieve are weighed 
with the ingot (the lumpy as it is called) ; whilst the sif tings are 
vanned on a shovel, and (the slag being washed off) the fine tin is 
collected, dried, and weighed with the rest : the whole gives the 
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produce or percentage of metal in the ore. The results of the 
assays are expressed in cwts. of metal in the ton of ore. The per- 
centage is rarely given and never used in Cornwall. Thus — 
" i3i Produce" would mean that the assay yielded results at the 
rate of 13^ cwts. of metal for one ton of the ore. Some assayers 
use a little powdered fluor-spar to assist the fusion of refractory 
slags. A small quantity of horax will also occasionally he of 
i^ervice for ores containing silica in excess of any iron that may 
he present. The horax renders the slag more fusihle, and assists 
the formation of a larger lump (with less fine tin in the slag) than 
would he ohtained hy the use of culm alone. 

The quality and the percentage of pure tin in the metal will 
vary considerahly, according to the impurities that are associated 
with the ore to he assayed. 

The crude lump is then remelted in a small iron ladle at as low 
4i temperature as possible, and the fused metal is poured into a 
fallow trench about 4 inches long by J of an inch wide cut in a 
block of white marble. The metal will be silveiy-white if the 
temperature employed be correct ; if too hot, the surface will show 
a yellow, red, or blue colour (according to the heat employed) ; in 
such case the metal should be remelted at a lower temperature. 
If the metal on cooling remains perfectly clear and bright, then 
it may be assumed that the tin is of good quality and commercially 
pure. A crystallised or frosted appearance of the metal indicates 
the presence of some alloy, say of iron, copper, zinc, lead, antimony, 
•<&c. The assayer who has had much practice can reaidily distin- 
guish the metal or metals that are associated vdth the ore by 
noting the appearance of the tin on cooling ; and can fairly judge 
the quantity of impurity present by the amount of the crystallisa- 
tion or stain. 

Whilst the foregoing method of assaying cannot lay claim to 
scientific accuracy, it is by no means so imperfect as some writers 
would have us believe, who state that a loss of 5 to 10 per cent, 
■arises in the operation. It is certainly the most ready and expe- 
ditious mode of determining the commercial value of a parcel of 
tin ore, which, after all, is the main object of all assaying opera- 
tions. 

The difficulty which beginners find in obtaining satisfactory 
results, and any loss of metal which those not accustomed to the 
process may incur, will invariably occur in the vanning of the 
powdered slag for the fine tin, the rest of the operations being 
easy of execution, and requiring only the ordinary care necessary 
for all metallurgical work. 

There is no doubt that if low percentage ores containing silica 
are assayed in this manner, low results are obtained, as it is im* 
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possible to reduce the "whole of the tin in the presence of free 
silica; with this class of ores, care should be taken to remove- 
some of the silica by preliminary vanning, or some flux should be 
added which will combine with the silica, and so prevent its 
entering into combination with the tin. Low quality tin ores- 
containing iron, copper, lead, zinc, antimony, «kc., combined with 
arsenic, sulphur, or oxygen, will give very much higher result& 
than the actual percentage of tin in the sample. The other metals- 
(being readily reduced in the presence of tin) alloy with it, and 
give a hard lump difficult to fuse in the iron ladle; where the 
quantity of foreign metals is large, the metal can only be melted 
to a stiff pasty mass ; so that (in determining the value of a ton 
of tin ore, or even reporting on the percentage of tin it contains) 
not only must the weight of the assay be the basis for calculation, 
but the quality and character of the metal obtained must also be 
considered. Thus two ores of tin might be assayed both yielding 
a similar prodrice, say 13^ (67I per cent.), and yet one might con- 
tain 5 per cent, less tin than the other. 

If it be required to obtain the pure metal from tin ores con- 
taining the ores of other metals associated with them, the latter 
must be removed by digesting in strong hydrochloric acid, and 
washing. The assay may then be conducted in the usual way,, 
and a fairly pure lump will be obtained. 

If wolfram be present in any appreciable quantity in the ore, it 
considerably reduces the proportion of lump, and at the same 
time it increases the fine tin (or prillian, as it is termed) in the 
assay. This may be got rid of by boiling in aqua regia, and 
dissolving out the tungstic acid which has been liberated by 
means of ammonia. 

It will be seen that this method of assaying tin has its 
advantages and its drawbacks. It is quickly performed ; with 
ores of good quality it gives results not to be excelled by any other 
process ; and it gives the smelter the actual alloy and quality of 
metal he may expect to get in the smelting of the ore, which no 
other mode of assaying will do: against which may be set the 
skill required to obtain accurate results with the vanning shovel ; 
the loss of metal in poor ores containing an excess of silica ; and 
the high results from ores containing a large quantity of metallic 
impurities. 

Cyanide Method. — Native oxide of tin is i»eadily reduced 
by fusion with potassium cyanide; potassium cyanate being 
formed.* 

The ore should contain ver}' little foreign matter. Hence ^ 

* SnO, + 2KCN = Sn + 2KCNO. 
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compounds soluble in acids should be removed before fusion with 
the cyanide. The percentage of moisture in the ore must be 
previously determined. 

Weigh up 10 grams of the dried and powdered ore, and digest 
with 30 c.c. of hydrochloric acid, adding (when the oxide of iron 
is dissolved) i c.c. of nitric acid. Wash with hot water, and dry. 
Mix the residue with 10 grams of coarsely-powdered and fairly 
pure cyanide of potassium and 2.5 grams of powdered charcoal; 
place in a crucible, and cover with another i o grams of cyanide. 
Fuse at a dull red heat for about half an hour ; pour, and detach, 
the slag. Clean and weigh the button or buttons of tin. 



WET METHODS. 

Detection. — Tin ore is detected by its insolubility in acids,, 
high specific gravity, and chai'acteristic appearance in water. The 
powder is separated from the lighter gangue by washing. It i& 
fused in a Berlin crucible with five times its weight of potassic 
cyanide at a moderately high temperature in a muffle, or over the 
blowpipe. The slag is washed off with water, and the metallic 
buttons or residue treated with hydrochloric acid (not aqua regia),. 
for some time. One portion of the solution strikes a purple 
colour with chloride of gold, another portion gives a white or grey 
precipitate or cloudiness with mercuric chloride. These reactions 
are characteristic of tin as stannous chloride. 

Metallic tin treated with nitric acid becomes converted into a 
white insoluble powder (metastannic acid). Aqua regia dissolves 
tin readily, forming stannic chloride, and in this solution the 
metal is detected by precipitation with sulphuretted hydrogen, 
which gives a yellow precipitate. Tin in solution as stannic or 
stannous chloride is precipitated as metal by means of zinc. 

The fact that tin forms two well-defined series of compounds is 
taken advantage of in assaying (just as in the case of iron), by 
determining how much of an oxidising agent is required to convert 
it from the stannous into the stannic state. For example, on 
the addition of a solution of permanganate of potash to a solution 
of stannous chloride the oxidation goes on rapidly, and the finish- 
ing point is sharp and distinct ; but acid solutions of stannous 
chloride quickly take up oxygen from that dissolved in the water 
used and from the air. Unfortunately, there is no obvious sign? 
that such oxidation has taken place, except that (fatal to the^ 
assay) a smaller volume of the permanganate is required. Great 
care is required with such solutions, both before and during titra- 
tion. The addition of an excess of ferric chloride to the stannous 



236 



TEXT-BOOK OF ASSAYING. 



solution, as soon as the whole of the tin has been dissolved, will 
lessen this liability to oxidation. 

Separation. — If the tin is present in an alloy, the substance is 
boiled in an evaporating dish with dilute nitric acid until the whole 
of the material is attacked. Evaporate nearly to dryness, dilute, 
hoil for a few minutes, and filter off the white insoluble residue. 
Under certain circumstances this residue will be nearly free from 
other metals, in which case it is ignited and weighed. If not 
loiown te be pure it must be ignited, reduced in a current of 
hydrogen, and treated as subsequently described. 

When the tin is present as insoluble oxide in an ore, the sub- 
rstance is finely powdered, and from i to 5 grams of it (according 
to its richness) boiled with 30 c.c. of hydrochloric acid in an 
evaporating dish till the oxide of iron is seen to be dissolved. Then 
;add I c.c. of nitric acid (or more if much pyrites, &c., is present) 
;and continue the boiling till these are decomposed ; dilute and filter 
off, washing first with dilute acid and afterwards with a little 
•dilute ammonia, dry, ignite, and place in a combustion tube 
(together with the filter-ash) and heat to redness for about thirty 
minutes in a current of dried hydrogen. 

The oxide of tin is placed in a porcelain boat (fig. 58), which is 
then introduced into a piece of combustion tube. The latter, 



^ 



^ 



Fig. 58. 

trapped in a piece of wire gauze, is supported on a couple of iron 
rings, and heated by one or two Bunsen burners in a furnace 
fitted up with loose fire-brick tiles, as shown in fig. 59. 
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Fio. 59. 

When the reduction is complete the tube is allowed to cool ; the 
boat is removed and the tin dissolved. Add a rod of zinc to the 
freely-acid hot solution, and in a few minutes decant through a 
filter and wash with water, after having removed the zinc. Wash 
the precipitated metal back into the beaker, and dissolve in 
10 c.c. of dilute nitric acid, evaporate off the excess of acid ; 
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dilute, boil, and filter. Wash, dry, ignit-e strongly in a porcelain 
crucible, and weigh. 

In the absence of antimony the above separation works very 
well, but if this metal ia present in quantity the metals pre> 
cipitated on the zinc must be covered with hydrochloric add and 
treated with a few drops of nitric. It is then warmed with iron 
wire until no more of the latter dissolves. The antimony is pre- 
cipitated as metal, and the tin remains in solution as stannous 
chloride. The antimony is filtered off, and may be washed with 
alcohol, and weighed, whilst the tin in the filtrate is precipitated 
with zinc, and treated as already described. 

GBAVIMETHIC METHOD. 

If the tin is not already in the metallic state it is reduced to 
this condition by the method given (precipitation by zinc). Treat 
the finely-divided metal (washed free from chlorides) in a four- 
inch evaporating dish with 10 c.c. of dilute nitric acid, cover with 
a clock-glass, and apply a gentle heat until the precipitate appears 
of a white colour and the metal is completely attacked. Evapo- 
rate nearly to dryness on a water-bath ; then add 50 c.c. of 
water, heat to boiling, and filter. Wash with hot water, dry, 
transfer to a weighed porcelain crucible, add the filter-ash, ignite 
strongly, and weigh. The precipitate after ignition is stannic 
oxide (SnO,). It is a yellowish-white powder (darker'whilst hot), 
insoluble in acids, and contains 78.67 per cent, of tin. Cold 
dilute nitric acid dissolves tin to a clear solution, which becomes 
a white enamel-like jelly on heating ; this (filtered ofi*, washed^ 
and dried) forms an opal-like substance, which is converted on 
ignition into stannic oxide with evolution of nitrous fumes. 
Stannic oxide when ignited with chlorides is more or less com- 
pletely converted into stannic chloride, which volatilises. The 
presence of chlorides during the evaporation with nitric acid 
causes a similar loss. 

Deternimation of Tin in an Alloy. — (Bronze.) — Take 2 
grams, and attack with 20 c.c. of dilute nitric acid in a covered 
beaker with the aid of heat. Boil till the bulk is reduced by one- 
half, dilute with 50 c.c. of water, allow to settle for a few minutes, 
and filter ; wash well first with water acidulated with a little 
nitric acid, and afterwards with water ; dry, ignite, and weigh as 
stannic oxide. 

Determination of Tin in Tin Ore. — Treat 5 grams of the 
dried and finely- powdered ore with 30 c.c of hydrochloric acid in 
a four-inch evaporating dish. After the soluble oxides have been 
dissolved add i or 2 c.c. of nitric acid, boil off nitrous fumes, 



238 TEXT-BOOK OF ASSAYING. 

dilute, and filter. Dry the filter, transfer the cleaned ore to a 
piece of combustion tube ten or twelve inches long and narrowed 
at one end. Pass a current of hydrogen through the tube and 
heat to redness for 30 minutes ; cool whilst the gas is still passing. 
Dissolve in 20 c.c. of dilute hydrochloric acid and keep the 
solution tinted with permanganate of potassium. When the 
colour of the permanganat-e becomes permanent dilute to a bulk 
of 50 c.c. with water, filter, and wash. Heat; add a rod 
of zinc weighing about 3 grams ; allow to stand for a few minutes ; 
decant through a filter ; and wash, removing the remaining zinc 
and returning the tin to the beaker. Treat with 5 c.c. of dilute 
nitric acid, boil for some time, take up with water, filter, wash, 
dry, ignite, and weigh as stannic oxide. 

VOLUMETBIC METHOD. 

Titration with Solution of Permanganate of Potassium. 

— ^This titration may be made either directly on the solution of 
stannous chloride (prepared by dissolving the precipitated metal in 
hydrochloric acid), or indirectly, on a solution of ferrous chloride 
(produced by the reducing action of the precipitated metal on 
ferric chloride). The standard solution of permanganate of potas- 
sium is made by dissolving 5.356 grams of the salt in water nnd 
diluting to one litre. 100 c.c. are equivalent to i.oo gram 
of tin. 

The precipitated tin is transferred to a flask ; and dissolved in 
10 c.c. hydrochloric acid, with the aid of heat and in an 
atmosphere of carbonic acid. The acid and metal are placed in 
the flask ; which is then filled with the gas, and stopped with a 
cork provided with a rubber valve. When solution is complete the 
flask is again filled with carbonic acid. Rfty c.c. of water freed 
from air and saturated with carbonic acid are then added. This 
water is made by adding a gram of bicarbonate of soda and 2 c.c. 
of hydrochloric acid to 100 c.c. of water : the effervescence sweeps 
out the dissolved oxygen. The permanganate of potassium solu- 
tion is then run in from a stop-cock burette in the usual way until 
a faint pink tinge is obtained. 

The following experiments show the effect of variations in the 
conditions of the assay. A solution of stannous chloride equi- 
valent in strength to the " permanganate " was made by dissolving 
19.06 grams of the crystallised salt (SnCl,.2H,0.) in 50 c.c. of 
water and 10 c.c. of hydrochloric acid and diluting to i litre with 
water freed from dissolved oxygen. 100 c.c. contain i gram of 
tin. In the first experiments tap water was used and no pre- 
<»iutions were taken for excluding air. Except when otherwise 
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stated, 20 c.c. of the stannous chloride were used in each experi- 
ment with 10 c.c. of hydrochloric acid, and were diluted to 100 c.c. 
with water before titration. 

Effect of Varying Hydrochloric Acid. 

Acid added . . .1.0 c.c. lo.o c.c. 20.0 c.c. 50.0 c.c. 
" Permanganate " required 18.8 „ 18.9 „ 18.8 „ 18.8 „ 

The only effect of the increase in quantity of acid was to give 
the brown of perchloride of manganese instead of the pink of 
permanganic acid to mark the finishing point. 

Effect of Varying Temperature. 

Temperature . . . 15** C. 50° C. 70° C. 100° C. 
" Permanganate " required 18.8 c.c. 18.7 c.c. 18.6 c.c. 18.4 c.c. 

Bate of Atmospheric Oxidation. — Solutions ready for 
titration were exposed to air at the ordinary temperature for vary 
ing lengths of time and then titrated. 

Time exposed . o min. 5 min. 10 min. 20 min. 60 min. 
" Permanganate " 
required . .18.8 c.c. 18.8 c.c. 18.8. c.c. 18.8 c.c. 18.6 c.c. 

It is best to titrate at once, although the loss by oxidation is 
only small after one hour's exposure. 
Effect of Varying Tin. 

Stannous chlo- 
ride added . i.o c.c. 10.0 c.c. 

" Permanganate " 
required . . 0.7 „ 8.8 „ 

Effect of Varying Bulk. 

Bulk 50.0 c.c. 

" Permanganate *' required 19.0 „ 

The two last series show an interference, which is due to the 
oxygen dissolved in the water, as may be seen from the following 
similar experiments, which were, however, performed with water 
freed from oxygen and in which the titrations were effected in an 
atmosphere of carbonic acid. 

Effect of Varjring Tin. — A new solution of stannous chloride 
was used. 

Stannous chlo- 
ride added . 1.0 c.c. 10.0 c.c. 20.0 c.c. 50.0 C.C. loo.o c.c. 

** Permanganate " 
required . .1.0,, 10.0 „ 19.8 „ 49.6 „ 99.3 „ 

Effect of Varying Bulk. 

Bulk . . . 30.0 C.C. 50.0 c.c. 100.0 c.c. 200.0 C.C. 500.0 C.C. 
" Permanganate '* 
required . . 19.8 „ 19.8 „ 19.8 „ 19.8 „ 19.8 „ 



20.0 CO. 


50.0 c.c. 


loo.o c.c. 


18.0 „ 


474 ,» 


954 » 


loo.o c.c. 

18.3 » 


200.0 c.c. 
174 » 


500.0 c.c. 
15.1 ,» 
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It will be seen that in working under these conditions the 
results are proportional and the method satisfactory. 

Examination of Tin Phosphide. — {Phosphor Tin.) — This 
substance is used in the manufacture of " phosphor bronze " and 
similar alloys. It is a crystalline, imperfectly-malleable, metallic 
substance. It is soluble in hydrochloric acid with effervescence ; 
phosphoretted hydrogen, which inflames on the addition of a 
drop or two of nitric acid^ being evolved. It is attacked by 
nitric acid, yielding a white powder of stannic phosphate ; this is 
not easily decomposed by ammonium sulphide or readily soluble 
in hydrochloric acid. 

" Phosphor-tin " is made up only of tin and phosphorus. For 
the estimation weigh up i gram. Place in a weighed Berlin 
dish ; and cover with lo c.c. of nitric acid and 3 or 4 c.c. of 
water. Let the reaction proceed (under a clock-glass) on the 
water-bath till complete. Remove the glass ; evaporate to dry- 
ness, and ignite, at first gently over a Bunsen burner, and after- 
wards in the muffle at a red heat. Cool in the desiccator, and 
weigh as quickly as possible when cold. The substance contains 
the tin as stannic oxide, SnO., and the phosphorus as phosphoric 
oxide, PjOj. The increase in weight on the gram of substance 
taken gives the weight of the oxygen taken up by the phosphorus 
and tin, and since i gram of tin takes up only 0.271 gram of 
oxygen, and i gram of phosphorus takes up 1.29 gram, the pro- 
portion of tin to phosphorus can be calculated from the increase 
in weight. For example, i gram of a sample gave 1.34 10 gram 
of mixed oxides, which is 0.070 gram in excess of that which 
would be got with pure tin. If the substance was all phosphorus 
the excess would be 1.0190 gram ; consequently the proportion of 
phosphorus in the substance is 0.070-4- 1.019, or 6.87 percent. 
The tin is calculated by difference, 93.13 per cent. 

Another method of separating and determining the phosphorus 
is as follows : — Take i gram of the substance and add to it 1 5 c.c. 
of hot aqua regia. Boil till dissolved, dilute, and precipitate the 
tin with sulphuretted hydrogen. To the filtrate add ammonia 
and "magnesia mixture." Filter; wash the precipitate with 
dilute ammonia ; dry, ignite, and weigh as magnesic pyrophos- 
phate. Calculate the phosphorus, and take the tin by difference. 

A sample of phosphor tin gave — 

Tin .... 93.1 per cent, (by difference) 
Phosphorus . . 6.9 „ 

lOO.O 

Tin Arsenide. — ^This is met with in tin-smelting ; it closely 
resembles the phosphide, but the crystals have a duller grey 
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appearance. It contains simply tin and arsenic. The determi^ 
nation is made by treating i gram of the substance with nitric 
acid and weighing the mixed oxides of tin and arsenic in the 
same manner as in the case of the phosphide. One gram of 
arsenic will give 1.533 gram of arsenic oxide, ASjO^ ; consequently 
the excess of weight of the mixed oxides over 1.27 1 gram must 
be divided by 0.262; the result multiplied by 100 gives the 
percentage of arsenic. In consequence of the higher atomic 
weight of arsenic the results by this method are not so close as 
with the phosphide. Each milligram of excess weight (over 
J.271) represents 0.38 per cent, of arsenic, As. Both in this 
and in the corresponding phosphide determination care must be 
taken to avoid absorption of moisture, by allowing the oxides to 
cool in a desiccator and weighing quickly. 

The percentage of arsenic is better determined as follows : — 
Weigh up I gram of the substance, dissolve in aqua regia, dilute, 
and pass sulphuretted hydrogen. Bender alkaline with ammonia, 
and add ammonium sulphide till the precipitate is dissolved. 
Add " magnesia mixture." Pilter off the precipitate, wash with 
dilute ammonia, ignite with a few drops of nitric acid, and weigh 
as magnesic pyrarsenate. Calculate the arsenic and take the tin 
by difference. A sample treated in this way gave — 

Tin .... 96.8 per cent, by difference 

Arsenic . . -3.2 „ 

lOO.O 

Examination of Black Tin. — Dry the ore, and reduce it to 
a fine powder. Weigh up 2 grams, and boil with 20 c.c. of 
hydrochloric acid and 2 c.c. of nitric for ten or fifteen minutes. 
Rlter, and reserve the filtrate. 

Tungstic Acid. — Digest the residue with about 50 ac, of 
water and a few c.c. of dilute ammonia for a few minutes, and 
filter ; collect the filtrate in a weighed porcelain dish, evaporate 
to dryness, ignite, and weigh as tungstic acid, WO3. 

Stannic Oxide. — Dry, ignite, and weigh the insoluble residue. 
Transfer to a porcelain boat, and reduce in a current of hydrogen 
at a red heat for half an hour. Allow to cool whilst the hydrogen 
is still passing. Transfer the boat to a beaker, and dissolve up 
the tin in 10 c.c. of hydrochloric acid and a c.c. or so of nitric. 
Wash out the combustion tube with some acid and add the wash- 
ing to the contents of the beaker. Warm gently, dilute with 
water, and filter. Collect, dry, ignite, and weigh the insoluble 
residue. Through the filtrate pass a rapid current of sulphuretted 
hydrogen, allow to settle, and filter. Wash the precipitate with 
hot water, dry, calcine gently 3 ignite with ammonium carbonate, 

Q 
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and weigh as stannic oxide, SnO^ The insoluble residue will in 
most cases retain some tin. Fuse it with fusion mixture, take up 
with hydrochloric acid, filter, pass sulphuretted hydrogen through 
the filtrate, collect and wash the sulphide of tin. Ignite and weigh 
as stannic oxide, and add it to that previously obtained. 

Copper. — Pass sulphuretted hydrogen through the acid filtrate 
obtained in the first cleaning of the ore, collect the precipitate, 
and wash first with soda solution and then with hot water. Dry, 
ignite, and weigh as cupric oxide, CuO. Mix the filtrate with 
t^at from the main portion of the sulphide of tin. 

Ferric Oxide. — Boil off the sulphuretted hydrogen from the 
mixed filtrates and peroxidise with nitric acid. Add ammonia in 
slight excess, boil, filter, dry, ignite, and weigh the precipitate as 
ferric oxide. This will be practically pure, but the iron in it 
must be determined by dissolving and titrating. The filtrate 
from the iron may contain zinc, lime, and magnesia, but rarely 
in quantities sufficient to be determined. 

Silica, &c. — ^The silica may be calculated from the weight 
of the residue insoluble in acid, after the reduction of the tin 
in hydrogen, by deducting from it the weight of the oxide of 
tin subsequently found. Or it may be determined as follows : — 
The insoluble portion is fused with fusion mixture, and taken up 
with hydrochloric acid, as already described. On filtering, the 
filter will retain a portion of the silica. The rest is recovered, 
after the removal of the stannous sulphide, by evaporating to 
dryness, taking up with hydrochloric acid, and filtering through 
the same filter. It is washed, dried, ignited, and weighed as 
ttlica. The filtrate from the silica is boiled with a little nitric 
acid and precipitated with ammonia. The precipitate is collected, 
washed, ignited, and weighed as ferric oxide and alumina (but it 
frequently contains oxide of titanium). When the last is pre- 
sent it is determined by fusing with bisulphate of potash and 
extracting with cold water. The solution is nearly neutralised 
with ammonia, charged with sulphurous acid, and boiled. The pre- 
cipitate is collected, washed, dried, ignited, and weighed as oxide 
of titanium, TiO^. The difference between this weight and that 
of the combined oxides gives the ferric oxide and alumina. The 
filtrate from the mixed oxides is examined for lime and magnesia. 

Sulphur. — Rub up 5 grams of the ore with 5 grams of nitre, 
transfer to a porcelain dish, and fuse over a Bunsen burner for 
fifteen minutes. When cold, extract with water, and determine 
the sulphur volumetrically with standard barium chloride. The 
sulphur may be present as sulphide or sulphate. 

Arsenic. — ^Take 5 grams, and evaporate with nitric acid ; 
dilute, add ammonia, pass sulphuretted hydrogen, and filter. 
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To the filtrate add " magnesia mixture." Collect the precipitate, 
ignite with nitric acid, and weigh as magnesic pyrarsenate. 

The following may be taken as an example of the composition 
of an impure black tin : — 

Tungstic acid 1.8 7„ 

Stannic oxide 79.0 

Silica 2.6 

Titanic oxide 0.8 

Copper oxide 0.9 

Ferric oxide 13.4 

Sulphur 0.4 

Arsenic 0.3 

99.2 

Examination of Hardhead. — In the smelting of tin ores a 
•quantity of speise, known as '^ hardhead/' is produced. It is 
essentially an arsenide of iron, carrying a considerable quantity 
of tin. Much of this last is present in the form of small buttons 
of metal distributed through the mass. The buttons can be seen 
on careful inspection, and become evident on powdering. 

In assaying the substance, a variation in the usual method of 
sampling is required, because of the quantity of metal present 
which cannot be powdered. After powdering as finely as possible, 
the coarse particles are sifted off and weighed. The weight of the 
powder is also taken. The method of working is best illustrated 
by an example. A sample of hardhead weighed 15 5.1 grams, 
:and gave 21.0 grams of coarse particles, equivalent to 13.5 per 
oent. of the whole. The fine portion weighed 134 grams, which 
is equivalent to 86.5 per cent. 

Thirteen and a half grams of the coarse material were dissolved 
in aqua regia, and diluted with water to i litre. Ten c.c. of this 
•contain 0.135 gram of the metallic portion, which is the amount 
•contained in i gram of the original hardhead. If, in a deter- 
mination, I gram of the substance is wanted, weigh up 0.865 
^ram of the powdered portion, and add to it 10 c.c. of the solu- 
tion. It will be seen that these together make up i gram of the 
original sample. The solution of the metallic portion must be 
saved until the analysis is finished. 

Tin and Copper. — ^Weigh up the portion of the powdered 
•stuff' equivalent to i gram of the sample. Transfer to a flask, and 
cover with 10 c.c. of the solution of the metallic portion and 
10 c.c. of aqua regia. Boil gently till oxidation is complete and 
the nitric acid for the greater part driven off. Dilute to 100 c.c. 
with water, and pass sulphuretted hydrogen for some time, 
lllter, wash with hot water, and rinse through the funnel back 
into the flask. Digest with yellow sodium sulphide until only a 
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light, flocculeDt, black precipitate is left. Filter this off, wash 
with hot water, dry, calcine, treat with a little nitric acid, ignite,, 
and weigh as copper oxide, CuO. The weight multiplied by 
0.7983 gives the weight of copper. 

The iiltrate containing the tin is rendered acid with hydro- 
chloric acid, and filtered. The precipitate is rinsed into a half- 
pint beaker, covered with 20 c.c. of hydrochloric acid, and boiled 
down to about 20 c.c. The solution is filtered off from the sulphur 
and sulphide of arsenic, which, after washing with hot water, is 
transferred to a flask labelled " arsenic." A strip of sheet zinc 
(2 in. by I in.) is placed in the solution. The evolution of hydrogen 
should be brisk. In five or ten minutes decant off a few c.c. of 
the liquid, and test with sulphuretted hydrogen for tin. If no 
yellowish precipitate is formed, decant off the rest of the liquid^ 
and wash the precipitated metal with hot water two or three* 
times by decantation. The metal should be in a lump ; if there* 
are any floating particles they must be made to sink by com- 
pression with a glass rod. Transfer the washed metal to an 
evaporating dish 3 or 4 in. across, and cover with a few c.c. of hotr 
water. Add nitric acid drop by di-op till the tin is completely 
attacked. Evaporate nearly to dryness, and add a drop or two 
more of nitric acid and 20 ex. of water. Boil and filter. Wash 
with hot water, dry, ignite, and weigh as stannic oxide, SnO^- 
Calculate to metallic tin by multiplying by 0.7867.* 

The filtrate from the first treatment with sulphuretted hydrogen 
will probably no longer smell of the gas. Warm and pass the- 
gas for a few minutes longer. Filter off any precipitate of 
sulphide of arsenic, and transfer it to the flask for "arsenic.'^ 
Boil the filtrate (ignoring any signs of a further precipitation of 
arsenic) with a few c.c. of nitric acid, and separate the iron as< 
basic acetate. Wash ; reserve the filtrate for cobalt. 

Iron. — Rinse back the " basic acetate," precipitate into the flask,, 
add ammonia, dilute with water to about 100 c.c, and pass sul- 
phuretted hydrogen for a few minutes. Filter, and wash with 
hot water. Collect the filtrate in the flask labelled "arsenic." 
Boil the precipitate with dilute sulphuric acid, filter, and titrate- 
the filtrate with the permanganate of potassium solution after 
boiling off the sulphuretted hydrogen. Report the result as iron. 
The sulphuric acid will not effect complete solution, a light black 
residue will remain, chiefly sulphur ; this must be rinsed into the- 
filtrate from the acetate separation. It contains cobalt. 

Cobalt. — The filtrate from the acetate separation will have a 
pink colour. Bender it ammoniacal and pass sulphuretted 

* This will give almost the whole of the tin ; a further portion will be^ 
got in subsequent work, and must be added to this result. 
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hydrogen. Collect the precipitate on a filter, dry, and ignite. 
Dissolve in hydrochloric acid, and evaporate nearly to dryness 
with an excess of nitric acid. Dilute with 10 or 20 c.c. of water 
and add potash solution in slight excess. Add acetic acid until 
the solution is acid and the precipitate is quite dissolved. Add 
20 or 30 C.C. of a strong solution of potassium nitrite, and determine 
the cobalt, as described on pp. 214, 216. Boil the filtrate from the 
cobalt, precipitate with hydrochloric acid, render ammoniacal, and 
test for zinc, nickel, and manganese. 

The remainder of the tin will be contained in the flask labelled 
"arsenic." Acidify with hydrochloric acid and filter. Binse 
into a beaker, and evaporate to a small bulk with 10 c.c. of nitric 
acid. Dilute and filter. Dry the precipitate, consisting of stannic 
arsenate (2Sn0,.As,0j), ignite, and weigh. Calculate the tin it 
contains by multiplying by 0.4453, ^^^ ^^ ^ ^^^^ already found. 

Arsenic. — This is determined in a separate portion. Weigh 
up a portion of the powder equivalent to i gram of the hardhead, 
place in a pint flask, and boil with 10 c.c. of nitric acid. When 
action has ceased add i o c.c. of the solution of the metallic portion 
And then hydrochloric acid (a few drops at a time) till solution is 
complete. Waim gently in dissolving, but do not boil. Dilute 
to about 100 c.c, render alkaline with ammonia, and add 20 c.c- 
of yellow ammonium sulphide. Digest at a gentle heat for about 
thirty minutes, filter, and wash. Add 50 c.c. of magnesia mixture, 
shake well, allow to stand for an hour, filter, and wash with 
dilute ammonia. The precipitate is dissolved and then titrated 
with uranium acetate, or it is evaporated with nitric acid, ignited, 
and weighed as pyrarsenate of magnesia. Calculate the result to 
arsenic, As. 

Sulphur. — Weigh up a portion of the powder equivalent to 
2 or 3 grams of the hardhead. Bub up in a mortar with 5 grams 
of nitre and fuse in a porcelain dish for ten minutes. Extract 
with water, add 20 or 30 c.c. (as the case may be) of the solution 
of the '' metallics." Add 10 grams of sodic acetate, and ferric 
chloride until the precipitate turns brown ; dilute with water to 
half a litre, boil, and titrate with standard baric chloride, as 
described under Sulphur. Beport as sulphur. 

A sample of hardhead examined in this way gave— 

Sulphur 3-oo7o 

Arsenic 27.10 

Tin 22.2 

Copper 1.64 

Iron 43.2 

Cobalt 2.6 

99-74 
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Examination of Tin Slags. — ^In tin smeltiog works the term 
"slag" is applied to the unfused portion of the charge. It is- 
made up of unbumt anthracite and small lumps of slag proper 
together with some buttons of metallic tin. This is rarely, if 
ever, assayed. The slag proper (or, as it is generally cnlled,. 
" glass ") is a silicate of iron, alumina, and lime, containing from 
3 to 7 per cent, of tin. It is thus examined : — The sample after 
bruising on an iron plate, is reduced to a very fine powder by 
grinding in an agate mortar. In this state it is readily decom- 
posed by hydrochloric acid. 

Determination of Tin. — ^Where the percentage of tin only 
is required, take 2 grams of the powdered slag and well mix with 
it 20 c.c. of hydrochloric acid, and heat to boiling. Add i c.c. of 
nitric acid, allow to stand for fifteen minutes, dilute with water, 
and filter. Pass a rapid current of sulphuretted hydrogen for 
some time. Allow to settle, and filter. The precipitate, after 
washing with hot water, is dried, and gently calcined until the 
greater part of the sulphur is burnt ofi*. It is then strongly 
ignited in the muffle (or over the blowpipe) with the addition of 
a small lump of ammonic carbonate. The residue is weighed as. 
stannic oxide (SnO,) ; and is calculated to metallic tin by multi- 
plying by 0.787. The percentage on the slag is calculated in the 
usual way. 

The tin is always best determined in the examination of slags- 
by a separate assay carried out in this way. The determination 
of the other constituents is thus made : — 

Silica. — Take 2 grams of the powdered slag and cover them, 
in a small evaporating dish, with 20 c.c. of hydrochloric acid ; mix 
well by stirring with a glass rod ; and evaporate to dryness. If 
(as is generally the case) tungsten is present the solution will be 
blue. Take up with 20 c.c. of hydrochloric acid. Add i c.c. of 
nitric acid ; and reduce by boiling to about half the bulk. Add 
about 20 c.c. of water, boil, and filter. Wash the residue with 
hot dilute hydrochloric acid. It consists of silica with the tuhgstic 
acid. Wash it back into the dish ; and digest with 5 or 10 c.c. of 
a cold solution of ammonic carbonate. Filter; and collect the 
filtrate and washings in a weighed porcelain dish. Dry the 
residue, ignite strongly, and weigh as silica, SiO,. In certain 
exceptional cases this may contain some unaltered cassiterite,. 
which is easily recognised by its appearance. 

Tungsten. — The ammonic carbonate filtrate from the silica is> 
evaporated to dryness, ignited strongly over the blowpipe, and 
weighed. The residue is tungstic acid, WO3. The tungsten may 
be conveniently reported in this form, although it is probably- 
present as a lower oxide. 
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Tin. — The acid filtrate from the silica and tungstic acid is 
treated with sulphuretted hydrogen. The sulphide of tin is 
filtered off. Since the percentage of tin has been already deter- 
mined, this precipitate may be neglected ; or may be treated in 
the same way as the previous one, so as to check the result. 
Since some stannic chloride will have been lost in the evaporation, 
a low result may be expected. The tin should be reported as 
stannous oxide ; and is calculated by multiplying the percentage 
of tin by 1. 1 36. 

The filtrate from the tin is boiled rapidly down to remove sul- 
phuretted hydrogen; and then peroxidised with i or 2 a c. of 
nitric acid. It is cooled, transferred to a graduated flask, and 
diluted with water to 200 c.c. 

Ferrous Oxide and Alumina. — Half the filtrate from the 
tin (that is, 100 c.c.) is taken, nearly neutralised with soda, and 
treated with sodium acetate. The basic acetate precipitate ob- 
tained on boiling is filtered off and washed. Beserve the filtrate. 
The precipitate is dissolved off the filter with hot dilute hydro- 
chloric acid ; and the solution thus formed is treated with a slight 
excess of ammonia, and boiled. The precipitate is filtered o£^ 
washed with hot water, dried, ignited, and weighed as mixed 
ferric oxide and alumina. The ignited precipitate is then dis- 
solved with sulphuric and hydrochloric acids ; and the iron deter^ 
mined in the solution by titration with the solution of stannous 
chloride. The iron found is calculated to and reported as ferrous 
oxide, FeO (factor = 1.286). To find the alumina, which is best 
estimated by difference, multiply the iron by 1.428 to get the 
weight of ferric oxide, and deduct this from the weight of alumina 
and ferric oxide found. This, of course, gives the alumina. A 
direct determination may be made by removing the tin from the 
titrated solution with sulphuretted hydrogen, filtering, nearly 
neutralising with ammonia, and boiling with a few grams of 
hyposulphite of soda. The precipitate, filtered, washed, and 
ignited, is the alumina, which is weighed. The direct determina- 
tion gives a slightly low result. 

Oxides of Zinc and Manganese. — These are determined in 
the filtrate from the basic acetate precipitat-e by rendenug alkahne 
with ammonia, and passing a current of sulphuretted hydrogen. 
Generally a small, but decided, precipitate of alumina comes down, 
together vnith sulphides of any zinc or manganese which is present. 
The precipitate is allowed to settle, dried, ignited, and weighed. 
The metals are separately determined in it; and the residue is 
counted as alumina, and added to that already found. The mixed 
precipitate amounts to from i to 2 per cent, of the sample. 
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Iiime.— -The filtrate from the last is treated with ammonic 
oxalate, boiled for a few minutes, allowed to settle, and filtered. 
The precipitate is washed with hot water ; dried ; ignited ; and 
weighed as carbonate, after gentle ignition; or as lime, after 
strong ignition in the muffle. 

Magnesia. — The filtrate from the lime is treated with sodic 
phosphate and ammonia. It is well mixed by stirring, and 
allowed to stand overnight. The precipitate is washed with dilute 
ammonia, dried, ignited, and weighed as pyrophosphate. 

Soda and Potash. — These are determined in the remaining 
half of the filtrate from the tin. The solution is rendered ammo- 
niacal with ammonia; and treated, first with sulphuretted hy- 
drogen, and then with ammonium oxalate. The precipitate is 
filtered ofT and rejected. The filtrate is evaporated in a small 
porcelain dish over a Bunsen burner, or on the sand bath ; and 
towards the close (or earlier if the evaporation is not proceeding 
well) nitric acid is added. The evaporation is carried to dryness ; 
and the residue heated nearly to redness. The residue, which 
consists of magnesia with carbonates and chlorides of the alkalies, 
is extracted with water ; and filtered. The filtrate is evaporated 
with hydrochloric acid in a weighed platinum dish, ignited gently, 
and weighed. This gives the weight of the mixed chlorides of 
sodium and potassium ; which are then separated and determined 
as described under Potash, 

It must be remembered when calculating the percentage that 
(with the exception of the silica, tungstic acid, and tin) the deteiv 
minations have been made on i gram of the sample. 

The following analysis will illustrate the composition of such a 
slag:— 

Tungstic acid i-37o 



Silica 

Stannous oxide . 

Ferrous oxide 

Alumina 

Oxide of manganese 

Lime . 

Magnesia 

Alkalies calculated as soda 
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394 

8.1 

26.2 

14.8 

traces 

7.9 

0.5 

1.7 

99.9 



Titanium only occurs as a mineral in its oxidised state, or as 
titanic oxide (TiO^). It is a substance which has little commer- 
cial value, and is generally recognised as one of the rare bodies ; 
although, in small quantities, it is widely disseminated. It occurs 
in granite, basalt, and other igneous rocks in quantities up to as 
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much as i per cent. It is also met with in clays and iron ores *, 
and in river sands, in which it is often associated with sti-eam tin. 
The proper minerals of titanium are rutile (TiO,), titaniferous 
iron (titanate of ii'on), and sphene (titanate and silicate of lime). 

The oxide of titanium (like cassiterite and quartz) is undecom- 
posed by hydrochloric or nitric acid ; so that it is generally found 
in the residue insoluble in adds. The titanates, however, are 
attacked, and a portion of the titanium dissolves ; so that it must 
be looked for in both the filtrate and residue. Oxide of titanium 
in its native form, or after ignition, may be made soluble by fusing 
the finely-divided substance with fusion mixture in a platinum 
dish. The resulting titanate is dissolved out of the '^ melt " by 
•cold hydrochloric acid. 

The method most commonly used is fusion with bisulphate of 
potash. This renders the oxide of titanium soluble in cold water. 
The process is as follows; — The substance is extracted with 
hydrochloric and nitric acids, and the solution reserved for further 
treatment ; the residue is dried, moistened with sulphuric acid, 
And evaporated once or twice to dryness with hydrofluoric acid. 
It is then fused with bisulphate of potash, and the '' melt" ex- 
tracted with cold water until all soluble matter is removed. The 
"Solution is filtered. The residue may consist of unremoved silica, 
ttnd oxides of tantalum, niobium, and, perhaps, chromium. On 
the prolonged boiling of the filtrate, the oxide of titanium (and 
oxide of zirconium, if any) is precipitated. 

Any titanium dissolved by the first extraction with acids is re- 
covered in the following way : — Sulphuretted hydrogen is passed 
into the acid solution, and any precipitate that may be formed is 
filtered oflT. The filtrate is oxidised, and the iron, aluminium, and 
titanium are separated as basic acetates (see under Iron), The 
precipitate is dried and fused with bisulphate of potash. The 
** melt" is extracted with cold water, filtered if necessary, and the 
solution rendered first faintly alkaline with ammonia, then very 
shghtly acid with sulphuric acid. 30 or 40 c.c. of a saturated 
solution of sulphurous acid is added, and the oxide of titanium 
precipitated by prolonged boiling. It is filtered oflT, added to the 
precipitate previously got, ignited with ammonic carbonate to- 
wards the end, and then weighed. 

Detection. — Titanium is detected in an insoluble residue by 
fusing the residue for some time in a bead of microcosmic salt. 
In the reducing flame it gives a violet colour, which becomes 
reddish-brown if much iron is present. In the oxidising flame it 
gives a colourless or whitish bead. It is best detected in acid 
solutions by the deep brown or iodine colour developed on adding 
hydroxyl. A solution of this can be prepared by pouring per- 



25Q TEXT-BOOK OF ASSAYING. 

oxide of barium (BaO,) diffused in water into dilute hydrochlorie 
acid (a little at a time), and keeping the acid in excess. 

Separation. — In the usual course of an analytical separation 
the hydrate of titanium will be thrown down with ferric hydrate^ 
iScc., on the addition of ammonic chloride and ammonia. It is^ 
best separated from this precipitate by fusion with bisulphate of 
potash, as already described, but it must be remembered that th& 
presence of much mineral acid prevents complete precipitation when 
the solution is boiled. Further, if phosphates are present, the pre- 
cipitate will contain phosphoric oxide ; it may be freed from this- 
by fusion with sodium carbonate. A very good method of sepa- 
rating titanium from iron is to add tartaric acid and ammonia to- 
the solution, and then precipitate the iron (as sulphide) with sul- 
phuretted hydrogen. The filtrate contains the titanium, which 
is recovered by evaporating and igniting. It may be separated 
from zirconia by the action of sodium carbonate, which precipi^ 
tates both ; but when concentrated, redissolves the zirconia. 
The separation from large quantities of silica is best effected by 
evaporating with hydrofluoric acid, which volatilises the silicon ;. 
but sulphuric acid must be present, otherwise some titanium also 
will be lost, as may be seen from the following experiments,* in 
which oxide of titanium (pure, ignited) was evaporated to dryness, 
with a quantity of hydrofluoric acid known by experiment to be 
sufficient to volatilise i gram of silica. 

WitJumt srdphuric acid, 0.0466 gram of titanic oxide left 0.0340 
gram, showing a loss of about 25 per cent. 

With sulphuric acid the following results were obtained : — 

Oxide taken. ^^ Uffl^YS""" 

0.0340 gram . . 0.0340 gram 

0.0414 „ . . . 0.0413 „ 

0.0520 „ . . . 0.0520 „ 

0.0352 „ . . . 0.0352 „ 



GBAVIMETBIC BETEBMINATION. 

The titanic hydrate thrown down by ammonia (or on boilings 
the solution from the bisulphate) is collected, washed, dried^ 
ignited strongly with the addition of a little ammonic carbonate, 
and weighed. The substance is titanic oxide (TiO,), and is gene- 
rally reported as such. It contains 60.98 per cent, of titanium.. 
It should be white, if pure (Holland), white, yellow, or brown 
(Fresenius), or black (Tidy). 

* Published by P. Holland, in the C/iemical News, vol. lix. p. 27. 
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VOIiUKETBIC METHOD. 

A method has been proposed based on the reduction of titanic 
oxide by zinc in hydrochloric acid solutions to the sesquioxide. 
The reduction is marked by the development of a violet or green 
colour, the former with chlorides and the latter when iSuorides are 
present. The quantity of titanium reduced is measured by titrat- 
ing with permanganate of potassium solution. The water used 
must be free from dissolved oxygen. 

TUNGSTEN AND TUNGSTATES. 

Tungsten occurs in nature only in the oxidised state, or as 
tungstic acid (WO3), either free, as in wolframine, or combined 
with oxides of manganese and iron, as in wolfram, or with lime, 
as in scheelite. Wolfram occurs associated with tin ores, the 
value of which is consequently lowered. Both wolfram and schee- 
lite are of considerable importance as a source of tungstic acid for 
the manufacture of sodium tungstate, which is used as a mordant 
and for some other purposes, and as a source of metallic tungsten,, 
which is used in steel-making. 

The tungsten minerals have a high specific gravity (6 to 7.5)^ 
On treatment with hydrochloric acid or aqua regia they are de- 
composed; the yellow tungstic acid separates and remains in- 
soluble. 

Tungsten itself is insoluble in nitric acid or aqua regia ; but is- 
converted into tungstic acid (WO3) by prolonged and strong igni- 
tion in air. Alloys containing tungsten leave tungstic acid after 
treatment with nitric acid or aqua regia. Tungstic acid may be 
got into solution after fusion with alkalies or alkaline carbonates. 
This solution gives with hydrochloric acid a white precipitate of 
tungstic acid, which becomes yellow on boiling, but the separation 
is not complete. Fusion with bisulphate of potash gives a resi- 
due, which does not dissolve in water, but is soluble in ammonia 
carbonate. For the assay of minerals containing tungsten these 
reactions are only occasionally taken advantage of for testing or 
purifying the separated tungstic acid. 

Detection." — The minerals are easily recognised by their 
physical characters, and the yellow tungstic acid separated by 
boiling with acids is the best test for its presence ; this, after de- 
canting and washing, immediately dissolves in a few drops of 
dilute ammonia. A solution of tungstate acidulated with hydro- 
chloric acid becomes intensely blue on the addition of stannous 
chloride and warming. Fused in a bead of microcosmic salt it 
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gives a clear blue colour (reddish-brown if iron is also present) in 
the reducing flame, but is colourless in the oxidising flame. 

Solution and Separation. — ^The decomposition and solution 
of natural tungstates is difficult to effect owing to the separation 
of tungstic acid ; the method of treatment is as follows : — Boil 
the finely-powdered substance with hydrochloric acid or aqua 
regia till it apparently ceases to be attacked ; dilute, filter, and 
^ash with dilute hydrochloric acid. Cover with dilute ammonia, 
;and filter the solution, which contains ammonic tungstate, into 
an evaporating dish. Treat the residue again with acid, and 
again dissolve out the separated tungstic acid with ammonia, and 
repeat this operation until decomposition is complete. By this 
means there will be obtained — (i) a solution containing tungstate 
of ammonia; (2) an insoluble residue with silicates, and oxides of 
tin, niobium, tantalum, &c. ; and (3) an acid solution containing 
the soluble bases. The tungstate of ammonia requires simple 
evaporation on the water-bath and gentle ignition in order to 
x^ause the tungstic acid to be left in an almost pure state ; possibly, 
it may carry a little silica. 

GBAVIMETBIC DETEKKINATION. 

The tungstic acid is dissolved, and separated as ammonic tung- 
.state, and, after evaporation, is gently ignited, the heat being 
increased towards the end. The residual tungstic acid is fixed, 
AO that when the ammonia has been driven off it may be strongly 
heated without loss. It is a dark yellow or brown powder whilst 
hot, which becomes a light yellow on cooling. If any reduction 
has taken place it will be more or less greenish. It is weighed 
when cold, and is the trioxide or " tungstic acid " (WO,), which 
x^ontains 79.31 per cent, of tungsten. After its weight has been 
taken its purity is checked by fusing with hydric potassic sulphate, 
extracting with water, and treating the residue with ammonic 
carbonate. Any silica present will be left undissolved ; it should 
be separated and weighed, and its weight deducted from that of 
the tungstic acid found. 

Determination of Tungstic Acid in Wolfram. — ^Take 
2 grams of the finely-powdered sample and boil with 25 c.c. 
of hydrochloric acid for half an hour, adding 5 c.c. of nitric 
acid towards the end. Allow to stand overnight and boil 
again for 15 or 20 minutes; dilute with an equal volume of 
water, and filter. Wash with dilute hydrochloric acid, dissolve 
in a few c.c. of warm dilute ammonia, and dilute to 200 c.c. with 
distilled water ; allow to settle, and filter. Evaporate in a weighed 
4ish, ignite, and weigh. 
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The following analysis will illustrate the composition of a 
sample of Cornish wolfram as brought into the market :— 

Tungstic acid 50. i 7o 

Cassiterite 10.9 

Ferrous oxide 24.6 

Manganous oxide . . . .5.4 
Niobic oxide, alumina, &c. . . . 3.5 

Silica. . ' 1.2 

Copper oxide 2.7 

Zinc oxide 0.22 

Arsenic 0.51 

Sulphur 0.20 

99.33 



NIOBIC AND TANTALIC OXIDES. 

These oxides are commonly met with in samples of wolfram anJ 
tinstone, especially niobic. They are probably present in the- 
form of columbite, a niobate of iron and manganese; and tanta- 
lite, a tantalate of the same metals. 

On boiling with hydrochloric acid they are both liberated, and 
remain for the greater part (all the niobic) in the insoluble 
residue with the tungstic acid. On removing the latter with 
dilute ammonia they remain as a white insoluble precipitate, very 
prone to run through the filter on washing. They may be dis- 
solved in hydrofluoric acid either at once or after fusion with 
bisulphate of potash, and extraction with cold water. To the- 
solution in hydrofluoric acid gradually add a boiling solution of 
acid potassium fluoride (HF,KF.). Potassic fluotantalate (soluble 
in 200 parts of water) separates out first, and afterwards potassic 
fluoniobate (soluble in 12 parts of water). The separated salts- 
(after heating with sulphuric acid and washing out the potassium 
sulphate formed) are ignited with ammonic carbonate, and weighed 
as tantalic oxide (T&fi^) and niobic oxide (Nb^O^) respectively. 

They are both white powders. The oxide of niobium dissolved 
in a bead of microcosmic salt gives a bluish colour in the reducing" 
flame. The oxide of tantalum dissolves in the bead, but gives no- 
colour. 
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CHAPTER XIII. 
MANGANESE, CHBOMIXJK, &c. 

MANGANESE. 

Manganese occurs mainly as black oxide (MaO,) in the mineral 
pyrolusite; and, in a less pure form, in psilomelane and wad. 
"The value of the ore depends rather on the percentage of avail- 
able oxygen than on the proportion of metal present. The results 
of assays are generally reported as so much per cent, of the dioxide 
■(MnOj). In smaller quantities it is very widely distributed. 
Manganese itself has a value for steel-making ; or, rather, for the 
making of spiegeleisen and ferro-manganese, which are \ised in 
^he Bessemer and Siemens processes. For this purpose the per- 
centage of the metal (Mn) is required. Consequently the minerals 
of manganese may be considered in two aspects — (i) as a source 
of oxygen ; and (2) as a source of manganese. These will require 
separate consideration. 

The black oxide is mainly used in the preparation of chlorine, 
liberation of which it brings about when treated with hot hydro- 
chloric acid, or with a mixture of common salt and sulphuric 
acid. The quantity of chlorine which is obtained depends upon 
the proportion of dioxide present ;* and in assaying may either 
be measured by its equivalent of iodine liberated, or by the 
oxidising effect on an acid solution of ferrous sulphate. When 
the oi*e also carries substances which have a reducing effect 
(such as ferrous compounds), such assays will give, not the total 
dioxide (MnO^), but less, by the amount required to oxidise these 
impurities ; and this is exactly what is required in valuing such 
an ore for commercial purposes. Manganese compounds are 
characterised by the readiness with which they may be con- 
verted into highly-oxidised bodies. Solution of manganese in 
hydrochloric acid, rendered alkaline with ammonia, yields a clear 
solution, t which rapidly takes up oxygen from the air, forming 
ja. brown precipitate of the oxide (MnjO^). The addition of 

* Mn02+4HCl=MnCl2+CL+2H20. 

t Provided a sufficiency of amnionic chloride is present. 
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"bromine or chlorine to such a solution determines the precipi- 
tation of a still higher oxide (approximately MnO,). On treating 
a compound containing manganese with nitric acid and dioxide 
of lead (PbOj), the oxidation is carried still further, a purple- 
coloured solution of permanganic acid (HMnO^ or HjO.MnjOy) 
being formed. On fusing minerals containing (even traces of) 
manganese with sodium carbonate in an open crucible, a green 
** melt " is obtained which owes its colour to sodium manganate 
i(Na,MnO^ or NajO.MnOj). This salt is soluble in water, forming 
a green solution ; which, when rendered acid, rapidly changes 
into the permanganate with the characteristic purple colour. 
Permanganate of potash is a salt much used in assaying, with 
some properties df which the student will have already become 
familiar. 

Compounds of manganase, on boiling with strong hydrochloric 
acid, yield manganous chloride * (MnCl,). 

The properties given above serve for the detection of manga- 
nese ; the higher oxides are distinguished by causing the evolution 
of chlorine (with its peculiarly suffocating smell) when acted on 
with hydrochloric acid; while the green "melt," with sodium 
•carbonate, can be relied on for. the recognition of manganese 
itself. There is no dry assay of manganese ores. 

WET METHODS. 

Strong hydrochloric acid is the best solvent for ores of man- 
ganese; but where the proportion of dioxide (MnO^) is required, 
the solution is effected during the assay. The ore should be in 
a very fine state of division before treatment with acids. 

The separation of manganese from other metals is thus effected : 
Ignite, in order to destroy any organic matter which may be 
present ; dissolve in hydrochloric acid, and evaporate to dryness, 
to separate silica. Take up with hydrochloric acid, dilute, pass 
•sulphuretted hydrogen, and filter. Boil off the excess of gas, 
peroxidise the iron with a drop or two of nitric acid, and separate 
the iron as basic acetate (as described under Iron)J\ If the iron 
precipitate is bulky, it is dissolved in a little hydrochloric acid, 
reprecipitated, and the filtrate added to the original one. Neu- 
tralise with ammonia, and add bromine in excess ; heat gradually 
to boiling, allow to settle, and filter. The precipitate is impure 
^dioxide of manganese (containing alkalies and, possibly, cobalt 
or nickel). 

♦ With some silicates, &c., a preliminary fusion with sodium carbonate 
will be necessary. 

f Instead of sodium acetate, ammonium succinate can be used. 
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GBAVIKETBIC BETEBKINATION. 

Dissolve the precipitate in hydrochloric acid, and boil ; add a- 
slight excess of carbonate of ammonia, warm, and filter. Wash 
with hot water, dry, carefully ignite in an open Berlin crucible, 
and weigh. The substance is the brown oxide {Mnfi^, and con- 
tains 72.05 per cent, of manganese. If the percentage of dioxide 
is required it may be calculated by multiplying the percentage of 
manganese by 1.582. It must be borne in mind that the man- 
ganese should never be calculated to dioxide except when it is- 
known to exist in the ore only in that form. 



VOIiUKETBIC METHODS, 

There are two methods for the volumetric assay of manganese 
ores; they are more directly intended for the determination of 
the black oxide, but may also be applied to the estimation of the 
metal. The first is based on the oxidation of ferrous sulphate by 
the dioxide of manganese in acid solutions ; and the second on the 
liberation of chlorine and, indirectly, of iodine, by the action of 
hydrochloric acid. 

For the assay of substances in which the manganese does not 
exist already as dioxide, a preliminary treatment to convert it 
into this form is necessary. The ordinary precipitation with 
bromine water is not applicable, since the precipitate is not fully 
oxidised. It has been found, however, by Mr. J. Pattinson, that 
in the presence of a sufficiency of ferric or zinc chloride the man- 
ganese can be obtained entirely as dioxide. The method is as 
follows : — I gram of the ore dried at loo** C. is dissolved in a 
pint beaker in about 10 c.c. of hydrochloric acid. If the ore does 
not contain much iron some ferric chloride is added. Calcium 
carbonate (obtained by precipitating calcium chloride with sodium 
carbonate at about 80* C. and keeping the calcium chloride in 
excess) is then added until the liquid turns slightly reddish. Add 
six or seven drops of hydrochloric acid and 100 c.c. of a solution 
of bleaching powder,* or 50 c.c. of bromine water. Add boiling- 
water until the temperature is raised to about 65" C, and then 
stir in well 2.5 grams of calcium carbonate. If the solution 
acquires a pink colour, from the formation of permanganate, add 
a few drops of alcohol. Filter off the precipitated oxides of iron 
and manganese, and wash. This precipitate contains the man- 

* Made by adding 15 grams of bleaching powder to a litre of water, and 
decanting the clear solution. 
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ganese as the dioxide (MnO,), and is used for the volumetric 
determination. 

FEBBOUS SUIiPHATE ASSAY. 

This method, which is the one commonly used, is based on the 
determination of the amount of ferrous iron oxidised by a known 
weight of the ore. It is known that 87 pai'ts of the dioxide will 
oxidise 112 parts of ferrous iron;* therefore i gram will oxidise 
1.287 gram of ferrous iron, or i gram of ferrous iron oxidised will 
be equivalent to 0.7768 gram of the dioxide. The finely-divided 
substance containing the dioxide is digested in a solution of a 
known quantity of iron in sulphuric acid. The iron, of course, 
must be in excess, which excess is determined when the ore is 
dissolved by titrating with standard permanganate or bichromate 
of potash solution. The assay resolves itself into one for the 
determination of ferrous iron, for which the standard solutions 
and method of working described under Iron are used. 

The assay is as follows : — For rich ores, 2 grams of clean soft 
iron wire are treated, in a pint flask, with 100 c.c. of dilute 
sulphuric acid and warmed till dissolved. Carefully sample the ore, 
and in one portion determine the " moisture at 100° C. ;" grind 
the rest in a Wedgwood mortar with a little pure alcohol until 
free from grit. This reduces the substance to a finely-divided 
state and assists solution. Evaporate oflT the alcohol and dry at 
lOo* C, mix well, and keep in a weighing-bottle. Weigh up 
2 grams and add them to the solution of iron in the flask ; carefully 
wash it all down into the acid liquid. On rotating the flask the 
ore will rapidly dissolve, but gentle heat may be used towards 
the end to complete the solution. When the residue is clean and 
sandy-looking, and free from black particles, the flask is cooled, 
and the residual ferrous iron is determined by titration with " per- 
manganate.'' The iron thus found, deducted from the 2 grams 
taken, will give the amount of iron peroxidised by the dioxide 
contained in the 2 grams of ore. This divided by 2 and 
multiplied by 77.68 will give the percentage of dioxide in the 
sample.. 

When the quantity of manganese to be determined is small, it 
is not necessary to use 2 grams of iron ; i gram, or even less, may 
be taken. The iron may be used in the form of a standard 
solution of fen-ous sulphate and portions measured oflT, thus 
saving the labour of weighing. 

* MnOj + 2FeS0^ + aH^SO^ - Fe/SO^), + MnS04 + ^HjO. 

R 
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Determination of Dioxide in a Manganese Ore.— Weigh 

tip I or 2 grams of the finely-powdered ore * and an equal weight 
of pure iron wire, dissolve the wire in 50 or 100 c.c. of dilute sul- 
phuric add, and, when solution is complete, add the ore and warm 
till it too is dissolved. Cool and titrate the remaining ferrous 
iron with the permanganate or bichromate of potassium solution. 
For example, 0.7560 gram of p3rrolusite and i.ooo gram of 
iron were taken and treated as above; 13.9 c.c. of " perman- 
ganate '' (standard 100 c.c. = 0.4920 gram iron) were required; 
this indicates that 0.0684 gi*am of iron was left unoxidised by the 
ore. The iron oxidised, then, was 0.9316 gram (i.ooo - 0.0684) ; 
multiplying this by 0.7768, we find that 0.7237 gram is the 
quantity of manganese dioxide which was present. This is 
equivalent to 95.77 per cent. ; 

0.7560 : 0.7237 : : 100 : 95.77. 

IODINE METHOD. 

It has been already stated that when dioxide of manganese is 
boiled with strong hydrochloric acid chlorine is given off, and 
that the amount of chlorine so liberated is a measure of the 
dioxide present. If the chlorine is passed into a solution of 
potassium iodide, an equivalent of iodine will be set free.f This 

is apparently a very indirect 
way of determining how much 
of the dioxide is present ; but 
the reactions are very sharp, 
and the final determination 
of the iodine is an easy one. 

The finely-powdered sample 
of dioxide is placed in a small 
flask provided with an exit 
tube leading into a solution 
of potassic iodide (^g, 60). 
On adding hydrochloric acid 
and boiling, the chlorine 
evolved is driven into the 
iodide solution and there ab- 
sorbed; the boiling is con- 
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tinned till the steam and hydrochloric acid fumes have driven the 
last portions of the chlorine out of the flask and into the solution. 
In this experiment there is a strong tendency for the iodide solu- 

* If the ore is very rich, a smaller quantity (075 or 1.5 gram) must be 
taken ; otherwise the iron will be insufficient, 
t MnO, + 4HCl = MnCl2 + 2H20 + CU 
CL + 2KI = 2KC1 + L. 
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tioD to rush back into the flask. This tendency is overcome by 
avoiding draughts and regulating the heat ; or by placing a lump 
of magnesite in the flask, which acts by evolving carbonic acid and 
so producing a steady outward pressure. When the distillation is 
finished the tube containing the iodine is detached and washed 
out into a beaker. If the solution is strongly acid it should be 
almost neutralised by the cautious addition of dilute ammonia. 
If crystals of iodine have separated, potassium iodide must be 
added in quantity sufficient to dissolve them. The condenser 
must be kept cool whilst the chlorine is passing into it. 

The solution, transferred to a beaker, is titrated with a standard 
solution of sodic hyposulphite (100 c.c. = 1.27 gram iodine or 
^•435 gi^in of dioxide of manganese). In titrating, the solu- 
tion should be cold, or not warmer than 30° C. The bulk 
may vary from 100 to 200 c.c; but it is best always to work 
with the same volume. The " hypo " is 'run in with constant 
agitation until the brown colour has been reduced to a light 
yellow ; 5 c.c. of starch solution are then added and the titration 
cautiously continued until the end is reached ; the finish is indi- 
cated by a change from blue to colourless. 

The assay solution may be acidified with acetic, sulphuric, 
or hydrochloric acid before titrating with "hypo;" but it 
must be only faintly so. An excess of acid may be nearly 
neutralised with ammonia without interference, but excess of 
alkali is fatal. Bicarbonate of soda must not be used in excess ; 
it is best to avoid it altogether. The assay solution should be 
titrated at once, as it weakens on standing ; and the " hypo " 
solution should be standardised every two' or three days, as its 
strength is not constant. 

Tlte standard solution of hyposulphite of soda is made by dis- 
solving 25 grams of the salt (NajS^O,. 511,0) in water and diluting 
to I litre. 100 c.c. are equivalent to 1.27 gram of iodine. 

This solution is standardised by weighing, in a small beaker, 
a.bout half a gram of iodine, to which is added a crystal or two of 
potassium iodide and a few drops of water. When dissolved, the 
solution is diluted to 100 c.c, and titrated in the manner 
<iescribed. The starch solution is made in the manner described 
xinder the iodide copper assay. 5 c.c are used for each titration. 

In determining the effects of variations in the condition of the 
assay a solution of iodine was used, which was equivalent in 
strength to the " hypo " solution. It was made by dissolving 
12.7 grams of iodine with 25 grams of potassium iodide in a little 
water and diluting to i litre. 100 c.c. of this solution were 
found (at the time of the experiments) to be equivalent to 102.0 c.c. 
of the " hypo." 



26o TEXT-BOOK OF ASSAYING. 

Sffeot of Varsring Temperature. — The bulk of the sohition 
was loo c.c. r 20 c.c. of iodine were taken, and 5 c.c. of starch 
solution were added towards the end as indicator. These condi- 
tions are also those of the other experiknents, except where other- 
wise stated. Iodine being volatile, it is to be expected that with 
hot solutions low results will be obtained. 

Temperature .15° 20° 40° 60** 80° 

" Hypo " required 20.4 c.c. 20.4 c.c. 20.1 c.c. 19.2 c.c. 15.5 c.c. 

These show that the temperature should not much exceed 30''. 

Bffeot of Exposure of the Iodine Solution. — Twenty c.c. 
of the iodine were diluted to 100 c.c, and exposed for varying- 
lengths of time in open beakers at the ordinary temperature, and 
then titrated. 

Time exposed . . — i day 2 days 3 days 

" Hypo " required . 20.4 c.c. 16.1 c.c. 13.6 c.c. 9.4 c.c. 

Effect of Varying Bulk. — ^These experiments were carried 
out in the usual way, bulk only varying. 

Bulk . . . 100.0 c.c. 200.0 c.c. 300.0 c.c. 500.0 c.c. 
" Hypo " required 20.4 „ 20.4 „ 20.4 „ 20.4 „ 

Effect of Varying Acid. — These experiments were undeir 
the usual conditions, the bulk being 100 c.c. The results were— 

Acetic acid . . — 1.5 c.c. 30.0 c.c. 

*• Hypo " required . 20.4 c.c. 2a7 „ 20.7 „ 

Hydrochloric acid • — 1.5 c.c. 15.0 c.c. 

" Hypo " required . 20.4 c.c. 20.6 „ 20.9 „ 

Sulphuric acid . . — 0.5 c.c. 20.0 c.c. 

" Hypo " required . 20.4 c.c. 20.7 „ 15.2 „* 

Nitric acid ... — 0.5 c.c. lo.o c.c. 

"Hypo " required . 20.4 c.c. 21.5 „ could not be titrated* 

In the application of this titration to the assay of manganese- 
ores, hydrochloric and hydriodic acids are the only ones likely to- 
be present. 

Effect of Alkalies. — On theoretical grounds the presence of 
these is known to be inadmissible. A solution rendered faintly 
alkaline with ammonia required only 11.2 c.c. of "hypo;" and 
another, with 0.5 gram of caustic soda, required 4.0 c.c. instead 
of 20.4 c.c. as in neutral solutions. 

Effect of nearly Neutralising Hydrochloric Acid Solu^ 
tions with Ammonia. — Provided care is taken not to add 
* Iodine probably lost by volatilisation. 
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.excess of ammonia, this has a good effect, counteracting the inter- 
feience of excess of acid. Thus 20 c.c. of iodine (as hefore) 
required 20.4 c.c. of "hypo;" with 15 c.c. of hydrochloric acid 
20.7 c.c. were required, but with 15 c.c. of acid, nearly neutral- 
ised with dilute ammonia 20.4 c.c. were used. 

Effect of the Addition of Starch. — The addition of varying 
quantities of starch has no effect, provided it is added when the 
titration is nearly finished, as the following experiments show : — 

Starch added . i.oc.c. 5.0 c.c. lo.o c.c. 50.0 c.c. 
" Hypo " required 20.4 „ 20.4 „ 20.4 „ 2a5 „ 

But if the starch is added befoie the titration, the results are 
liable to error. 

Starch added • • i.occ. 50.0 c.c. 

" Hypo " required . 20.4 „ 24.0 „ 

'The starch should be used fresh, and is best made on the day it 
is used ; after four days the finishing point is not so good. 

Effect of Varying Potassium Iodide. — An excess of iodide 
is always required to keep the iodine in solution ; a larger excess 
has little effect. 

Iodide added , . — i gram 20 grams 

** Hypo '* required . 20.4 c.c. 20.5 c.c. 20.6 c.c. 

The 20 c.c. of iodine used, itself contained 0.5 gram of potassium 
iodide. 

Effect of Foreign Salts. — 

Bicarbonate of soda 

added ... — 0.5 gram 1.5 gram 5.0 grams 

" Hypo " required . 20.4 c.c. 18.2 c.c. 1 7.1 c.c. 16.0 c.c. 

The solution obviously must be free from bicarbonate of soda. 
This should be remembered, since when titrating arsenic assays 
with iodine it must be present; and students must avoid con- 
iounding the two titrations. 

In some other experiments, in which 10 grams each of the salts 
were taken, the following results were obtained : — 

Salt added . • — AmCl AmNO, Am^SO^ 

" Hypo " required , 20.40.0. 20.50.0. 20.30.0. 20.20.0. 

Salt added . . NaCl NaNO, Na.^SO^ 

" Hypo " required . 20.3 c.c. 20.4 c.c. 20.4 c.c. 

Effect of Varying Iodine. — 

Iodine added . 1.0 c.c. 10.0 c.c. 20.00.0. 50.00.0. 100.0 c.c, 
" Hypo " required 1.3 „ 10.2 „ 20.4 „ 51.0 „ 102.0 „ 

Determination of Dioxide in a Manganese Ore. — ^Weigh 

up 0.25 to 0.3 gram of the powdered ore;, place in a flask, cover 
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with lo C.C. of hydrochloric acid, and close the flask with a paraf- 
fined cork, and bulbs (as shown in fig. 60), having previously 
charged the bulb with 5 grams of potassium iodide in strong solu- 
tion. Heat the flask, and boil cautiously for about fifteen 
minutes. Wash the contents of the bulbs into a large beaker, 
nearly (but not quite) neutralise with dilute ammonia, and titrate 
with the standanl " hypo." 

As an example, 0.2675 gram of pyrolusite was taken, and re- 
quired 60.3 c.c. of standfu^d ''hypo " (100 c.c. equal 1.185 gram 
iodine, or 0.4042 gram MnO,), which equals 0.2437 gram of the 
dioxide or 91.1 per cent. 

COIiOBIMETBIC METHOD. 

When compounds of manganese free from chlorides are boiled 
with nitric acid and dioxide of lead,*^ the manganese is converted 
into permanganic acid, which is soluble and tints the solution 
violet. The depth of colour depends on the amount of manganese 
present, and this should not much exceed 10 milligrams. A 
quantity of substance containing not more than this amount of 
manganese should be boiled for a few minutes with 25 c.c. of a 
solution containing 5 c.c. of nitric acid, and 10 or 20 c.c. of dilute 
sulphuric acid, with 2 or 3 gi*ams of lead dioxide. Filter through 
asbestos, wash by decantation with dilute sulphuric acid, make up 
with distilled water f to a definite bulk, and take a measured por- 
tion for the colorimetric determination. 

The standard solution of manganese is made by dissolving 
0.1435 gi^ni of permanganate of potash (KMnO^) in a Uttle 
water acidulated with nitric acid, and diluting to i litre. One 
c.c. will contain 0.05 milligram of manganese. 

PRACTICAL EXERCISES. 

1. What percentage of manganese (Mn) is contained in permanganate of 

potash (KMnO^) ? 

2. Ten c.c. of a solution of permanganate of potash is found to oxidise 

10 c.c. of an acid solution of ferrous sulphate. The manganese is 
determined in the titrated solution by precipitation as dioxide 
and titrating. How much of the ferrous solution will be oxidised 
in the second titration ? 

3. What weight of potassium iodide would be just sufficient to absorb 

the chlorine evolved by 0.5 gram of pure dioxide of manganese 7 

^ Obtained as a brown powder by digesting red lead with nitric acid and 
filtering. 

t The water for dilution and the dilute sulphuric acid used for washinp^ 
should be previously tested, to see they have no reducing action, with 
dilute permang^ate of potassium solution 
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4. What weight of iron must be dissolved up so as to have an excess o£ 

0.25 gram after oxidation by i gram of pure dioxide 1 

5. What weight of the brown oxide, MUjO^, will be left on igniting 

I gram of the pure dioxide 7 



CHROMIUM. 

Chromium occurs in nature chiefly as chromite or chrome iron 
ore (FeOjCrjOj, with more or less MgO and AljOg), which is the 
chief ore. It is a constituent of some silicates, and is frequently 
met with in very small quantities in iron ores. It occurs as 
chromate in crocoisite (PbCrO^), and some other rare minei*als. 

The metal is used in steel-making. Steel containing about 0.5 
per cent, of it is rendered very hard ; but its chief value is in its 
salts, the chromates. These are highly-coloured compounds, gene- 
rally red or yellow. Some of the insoluble chromates are \ised as 
pigments ; chromate of lead or chrome-yellow is the most impor- 
tant. The soluble chromates, those of soda and potash, are valu- 
able chemicals, and are largely used in the preparation of pig- 
ments, dyeing and tanning, and as oxidising agents. 

Chromium forms two important classes of compounds — chromic 
salts^ corresponding to the oxide Cr^Oj, and chromates, which 
contain the trioxide CrOj. Solutions of chromic salts are green, 
whilst those of the chromates are yellow. Chromates are reduced 
to chromic salts by the action of most reducing agents in the pre- 
sence of an acid ; and this property is used in assaying for the 
volumetric determination of ferrous iron, &c. The chromates in 
solution are more stable than other similar oxidising agents, and 
consequently are generally used in the laboratory as one of the 
standard oxidising agents for volumetric analysis. They have the 
disadvantage of requiring an outside indicator. Bichromate of 
potash {Kfir fij) is the salt generally used for this purpose. 

Chromic salts are oxidised to chromate by fusion with ** fusion 
mixture " and nitre, or by treating with chlorine in an alkaline 
solution. 

Chromic salts closely resemble those of ferric iron, and in the 
ordinary course of analysis chromic hydrate (green) is precipitated 
together with ferric hydrate, alumina, &c., on the addition of 
ammonic chloride and ammonia. The ignited oxide, Cr^O,, 
however, is not reduced on heating to redness in a ctirrent of 
hydrogen. 

Beteotion. — Chromium is detected by fusing the powdered 
substance with " fusion mixture " and nitre. The melt is ex- 
tracted with water and filtered. The filtrate is acidified with 
acetic acid, and treated with a few drops of a solution of lead 
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acetate. A yellow precipitate indicates chromium. Substances 
containing chromium impart a green colour to the borax bead in 
both flames. Small quantities of chromate in neutral solution 
can be found by the dark or violet-red colouration imparted 
thereto on boiling with a dilute decoction of logwood. 

Solution and Separsition. — Chromates and chromic salts are 
generally soluble in water or dilute acids. Chrome iron ore, 
however, and ignited chromic oxide are insoluble ; and the former 
presents considerable difficulty on attempting to open up by 
the usual methods. A large number of mixtures have been tried 
in order to get all the chromium in a soluble form. Among these 
are the following. One part of the very finely-powdered ore is 
fused with any of these mixtures. 

(i) lo parts of bisnlphate of potash. 

X2) 5 parts of bisulphate of potash and 5 parts of potassiam fluoride. 

(3) 5 parts of hydric potaasic fluoride. 

(4) 12 parts of bisulphate of potash ; and, afterwards, with 6 parts of 

carbonate of soda and 6 parts of nitre. 

(5) 8 parts of bora^ ; afterwards, with carbonate of soda till it ceases 

to effervesce ; then, with 3 parts of carbonate of soda and 3 of 
nitre. 

(6) 4 parts of borax and 6 parts of fusion mixture. 

(7) 12 parts of caustic potash. 

(8) 10 parts of caustic soda and 30 of magnesia. 

(9) 5 parts of caustic soda and 3 of magnesia. 

!io^ 2 parts of carbonate of soda and i of lime. 
11; 6 parts of soda-lime and 2 of chlorate of potash. 

Of these, numbers 1,2, and 3 yield the chromium in a form 
soluble in dilute acids, as chromic salt. The rest in a form 
soluble in water, as potassium or sodium chromate. 

On boiling an insoluble chromium compound with chlorate of 
potash and nitric acid, the chromium passes into solution as chro- 
mate. This method, however, does not answer for chrome iron ore. 
In the fusion methods the ore must be very finely powdered, well 
mixed with the fluxes, and subjected to a prolonged fusion in a 
platinum vessel at a high temperature. Undecomposed particles 
require re-fusion. 

The aqueous extract containing the chromate is ready for 
volumetric work, except in those cases where nitre has been used. 
For gravimetric work the solution is acidified with hydrochloric 
acid, then mixed with ammonia in slight excess, boiled, and 
filtered. The filtrate is acidified with hydrochloric acid, and 
treated with sulphuretted hydrogen, warmed, rendered slightly 
alkaline with ammonia, and the gas again passed. The chromium 
is precipitated as chromic hydrate mixed with sulphur from the 
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reduction with sulphuretted hydrogen. It is filtered off, washed 
with hot water, and ignited. It is weighed as chromic oxidei 

QBAVIMETBIG DETERMINATION. 

The solution containing the chromium, freed from other metals 
and earths and in the form of (green) chromic salt, is heated to 
boiling. If any chromate is present reduce it with sodiiun sul- 
phite or sulphuretted hydrogen. Add ammonia in slight excess, 
boil till the liquid is free from a red tint, and allow to settle for 
a few minutes. Filter, wash with hot water, dry, and ignite 
strongly in a loosely-covered crucible. Cool, and weigh. The 
substance is chromic oxide, Cr,0,, cmd contains 68.62 per cent, of 
chromium. It is a dark-green powder insoluble in acids. 

When, as is generally the case, the chromium exists altogether 
as chromate (phosphates and arsenates being absent) it is best to 
proceed as follows : — Bender the solution acid with acetic acid, 
then add sodium acetate to the solution and heat nearly to boil- 
ing ; next treat with a slight excess of acetate of lead, and boil. 
Allow to settle, and filter. Wash the precipitate with hot water, 
dry in the water-oven or at a low temperature. Transfer the 
precipitate to a weighed Berlin crucible, burn the filter separately, 
ignite below redness, cool in the desiccator, and weigh. The sub- 
stance is lead chromate, PbCrO^, and contains 16.1 per cent, of 
chromium, or 23.53 per cent, of chromic oxide (CrjOg). 

VOIiTJMBTBIC METHOD. 

This is based on the oxidation of ferrous iron by the solution 
containing the chromium as chromate. A known weight of iron 
(0.5, I, or 1.5 gram, according to the quantity of chromate) is 
dissolved in 50 c.c. of dilute sulphuric acid. The solution con- 
taining the chromate is added, and the remaining ferrous iron 
titrated with the permanganate or bichromate of potassium solu- 
tion, as described under Iron, The iron thus found is deducted 
from that taken, and the difference gives the iron oxidised by the 
chromate. This multiplied by 0.3123 gives the chromium, Cr; 
and when multiplied by 0.4547 gives the chromic oxide, CrjO,. 

COIiOBIMETBIC METHOD. 

Small quantities of chromium may be determined, after con- 
version into chromate, colorimetrically. The solution, which 
should not contain more than a few milligrams in 100 c.c, is 
acidified with acetic acid and compared against an equal volume 
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of water rendered acid with acetic acid and tinted with a standard 
bichromate of potassium solution. This standard bichromate is 
made by dissolving 2.827 grams of the salt in water and diluting 
to I litre. One c.c. will contain i milligram of chromium, Cr. 
The manner of working this assay is the same as that adopted in 
the other colorimetric processes. 

Determination of Chromium in Steel.* — Weigh up 2.4 
grams, dissolve in hydrochloric acid, and evaporate to dryness. 
Fuse with sodium carbonate and nitre, extract with water, and 
makeup to 301 c.c. Take 250 c.c. of the clear liquor, boil with 
hydrochloric acid, add sodium phosphate, and then ammonia in 
slight excess. Heat till clear. Filter off the precipitate, dissolve 
it in hydrochloric acid, and evaporate to dryness. Take up with 
a little acid, filter, and precipitate with a slight excess of ammonia. 
Wash, ignite, and weigh as chromium phosphate (3Cr,05,2P,05), 
which contains 42.2 per cent, of chromium. 

VANADIUM. 

Vanadium occurs in certain rare minerals, such as vanadinite 
(3Pb3(V04),.PbCl,), a vanadate of lead ; mottramite, a vanadate of 
copper and lead ; and dechenite, a vanadate of lead and zinc. It 
is occasionally found in iron and copper ores and in the slags 
from them. In Spanish copper-precipitates it is found along 
with chromium, and is probably derived from the iron used for 
precipitating. The vanadates, like the chromates, are coloured 
compounds, generally yellow or red. On reduction, blue solu- 
tions are got. In their general reactions vanadates resemble 
phosphates. 

Vanadium is detected by the red colouration produced by pass- 
ing sulphuretted hydrogen into ammoniacal solutions for some 
time. On adding an acid to the filtered solution a brown preci- 
pitate of the sulphide is produced. This gives with borax a 
colourless bead in the oxidising, and a green one in the reducing, 
flame. 

It is separated by fusing the ore with potassic nitrate, extract- 
ing with water and precipitating with baric chloride. The preci- 
pitate is boiled with dilute sulphuric acid, filtered, neutral- 
ised with ammonia, and saturated with ammonic chloride. 
Ammonium vanadate separates out. It is filtered off, ignited, 
and weighed as vanadic oxide, V^O^, containing 56.18 percent, 
of vanadium. 

* Arnold and Hardy, Chemical News, vol. Ivii. p. 153. 
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MOLYBDENUM. 

Molybdenum occurs in nature chiefly as molybdenite (M0S2) ; 
it also occurs in wulfenite, a molybdate of lead (PbMoO^), and 
in molybdic ochre (M0O3). 

Molybdate of ammonia is an important reagent in the deter- 
mination of phosphates, the manufacture of which compound Ls 
the chief purpose to which molybdenum is applied. 

Iron and copper ores frequently contain molybdenum, some- 
times in quantity; consequently it is met with in slags and 
pig-iron. 

Molybdenum forms several series of salts. In those corre- 
sponding to the lower oxides it is basic ; but the trioxide (MoO,) is 
'the acid oxide which forms a series of salts called the molybdates. 
AE molybdenimi compounds are converted into the trioxide by 
boiling with nitric acid. The trioxide is a white powder readily 
dissolved by ammonia. It fuses at a red heat, and volatilises freely 
in contact with air. It is slightly soluble in water. 

Molybdates axe easily reduced, with the production of coloured 
solutions, by most reducing agents. Sulphui^etted hydrogen first 
produces a blue tint, and then precipitates a brown sulphide. 
The precipitation as sulphide is only complete on prolonged 
treatment ; a green colour indicates that some molybdenum still 
remains in solution. The precipitated sulphide is soluble in 
ammonium sulphide. 

Detection. — Molybdenum is detected by its behaviour with 
sulphuretted hydrogen. Molybdenite can only be mistaken for 
graphite, from which it is easily distinguished by yielding sulphur 
dioxide on roasting, and by giving, on charcoal, a yellowish 
white incrustation, which becomes blue on touching it for a 
moment with the reducing flame. The borax-bead is colourless 
in the oxidising, and dark-brown in the reducing, flame. 

QBAVIMETBIC DETERMINATION. 

The solution containing the molybdate is neutralised and treated 
with an excess of mercurous nitrate. The precipitate is allowed 
to settle for some time, filtered, and washed with a dilute solution 
of mercurous nitrate. Then it is dried, transferred to a weighed 
Berlin crucible containing ignited oxide of lead, mixed, ignited, 
and weighed. The increase in weight gives the amount of tri- 
oxide, M0O3. This contains 66.7 per cent, of molybdenum. 
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Uranium occurs chiefly as pitchblende, which is an impure 
oxide (U,Og). It is also found as sulphate in uranochre, johan- 
nite, &c. j and as phosphate in the uranites, torbernite (hydrated 
phosphate of uranium and copper), and autunite (hydrated 
phosphate of uranium and lime). It also occurs in some rarer 
minerals. 

The oxide is used for colouring glass; and the nitrate and 
acetate are used as reagents. ^^ Uranium yellow/' used for enamel 
painting, is sodium uranate. The uranates, in which the oxide of 
uranium acts as an acid, are mostly insoluble and of secondary 
importance. 

Uranium forms two families of salts, uranous and uranic ; 
corresponding to the oxides UO, and UO, respectively. The 
former are generally green and the latter yellow. Uranous salts 
are converted into uranic by boiling with nitric acid or other 
oxidising agents. Uranic s^ta^ on the other hand, are easily 
reduced by sulphuretted hydrogen, stannous chloride or zinc. 
This property is made use of in determining the quantity of 
uranium in pure solutions by titrating with permanganate of 
potassium solution as in the case with iron. 

Detection. — The most characteristic reaction of the uranium 
compounds is their behaviour in the presence of alkaline car- 
bonates in which they are freely soluble ; even ammonium sul- 
phide will not precipitate uranium from these solutions. On 
neutralising the carbonate with an add a uranate of the alkali 
is pracipitated. Ammonia or sodic hydrate (free from carbonates) 
give yellow precipitates, which are insoluble in excess of the 
reagent, but are soluble in acids. Ferrocyanide of potassium 
gives a i*eddish-brown precipitate. Uranium colours the borax- 
bead yellowish-green in the oxidising, and green in the reducing, 
flame. 

Solution and Separation. — The compounds of uranium are 
soluble in acids. Powder the substance and evaporate with an 
excess of nitric acid. Take up with hydrochloric acid, dilute, 
pass sulphuretted hydrogen, and Alter. Peroxidise the filtrate 
with a little nitric acid, add an excess of ammonic carbonate and 
some ammonium sulphide, and Alter. Bender the solution acid, 
boil ; and precipitate the uranium by means of ammonia. Filter 
off, and wash it with dilute ammonic chloiide. Ignite, and weigh 
as protosesqui-oxide, UjOg. 
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aBAVIMETBIC DETEBMINATION. 

The solution containing the ui'anium free from other metals is^ 
if required, first peroxidised by boiling with nitric acid. Ammonia 
in slight excess is added to the nearly-boiling solution. A yellow 
precipitate is formed, which is filtered off hot and washed with 
a dilute solution of ammonium chloride. The precipitate is dried 
and ignited ; and weighed as TJfi^, which contains 84.8 per cent.. 
of uranium. 

VOIiTJMBTRIC METHOD. 

This is based on the precipitation of uranium as phosphate^ 
from acetic acid solutions and the recognition of complete preci- . 
pitation by testing with potassic f errocyanide ; it is the converse 
of the process for the volumetric determination of phosphate. 

27ie standard solution 0/ phosphate is prepared by dissolving 
29-835 grams of hydric sodic phosphate (Na,HP0^.i2H,0) in 
water and diluting to i litre. 100 c.c. will be equivalent to 
2 grams of uranium. 

Take i gram of the sample (or, if poor in uranium, 2 grams) 
and separate the uranium as described. Dissolve the precipitate 
in nitric acid and evaporate to a small bulk, add 2 grams of sodium 
acetate, dilute with water to 100 c.c, and boil, "fitrate the boil- 
ing solution with the sodium phosphate till it ceases to give a 
brown colouration with potassium feiTocyanide. Calculate the 
percentage in the usual way. 
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CHAPTER XIV. 
EARTHS, ALKALINE EABTHS, ALKALIES. 

ALUMINA. 

Alumista, the oxide of aluminium (AIjO,), is found in nature 
fairly pure in the mineral corundum ; transparent and coloured 
varieties of which form the gems sapphire and ruby. A coarser 
compact variety contaminated with oxide of iron constitutes 
emery. Compounded with silica, alumina forms the base of 
clays and many rock-forming minerals. China clay (or kaolin) is 
used as a source of alumina. Bauxite, hydrated alumina, is also 
used for the same purpose— that is, for the preparation of sulphate 
of alumina. The mineral cryolite is a fluoride of aluminium and 
sodium. 

Corundum is characterised by a high specific gravity (4.0) and 
extreme hardness. By these it is distinguished from felspar and 
similar minerals, which it somewhat resembles in general ap- 
pearance. 

Aluminium is used for a variety of small purposes : it is white, 
light, and very tenacious ; but owing to the difficulty of its reduc- 
tion it is expensive. 

Aluminium forms one series of salts which closely resemble 
those of ferric iron. It forms an interesting series of double 
sulphates, known as the alums. Common potash alum is 
Al,(SO,)3,K^O„24H,0. 

Detection. — Alumina is not precipitated from its acid solution 
by sulphuretted hydrogen, but it is thrown down by ammonia 
(with the other earths) as a white hydrate, soluble in soda and 
insoluble in ammonic carbonate. Filtered off and ignited, it 
assumes, after treatment with nitrate of cobalt before the 
blowpipe, a blue colour which is characteristic. With natural 
compounds containing metallic oxides this colour is masked. It is 
more satisfactory to make a separation in the wet way and to test 
the ignited oxide. 

Separation and Solution. — If the substance is insoluble in 
hydrochloric acid it is finely powdered and fused with "fusion 
mixture " with the help, in the case of corundum (which is very- 
refractory) of a little caustic soda or potash. The method of 
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working is the same as that described for opening up silicates. 
See under Silica. Corundum cannot be powdered in Wedgwood, 
or even agate, mortars ; since it rapidly wears these away and 
becomes contaminated with their powder. It is best to use a 
hard steel mortar and to extract the metallic particles from the 
bruised sample with a magnet or dilute acid. 

When the substance has been completely attacked and dissolved, 
it is evaporated to dryness with an excess of hydrochloric acid 
on the water-bath to render any silica present insoluble. The 
residue is extracted with hydrochloric acid and freed from the 
second group of metals by means of sulphuretted hydrogen. The 
filtrate from this (after removing the sulphuretted hydrogen by 
boiling) is nearly neutralised, and treated with 8 or 10 grams of 
hyposulphite of soda* in solution. It is then boiled till the 
sulphurous oxide is driven off. The precipitate is filtered off, 
ignited, and weighed as alumina. 

It is sometimes more convenient to proceed as follows : — ^After 
boiling off the sulphuretted hydrogen peroxidise the iron with a 
little nitric acid, add a solution of ammonic chloride, and then 
ammonia in very slight excess; boil, filter, wash, ignite, and 
weigh the oxides. These generally consist of ferric oxide and 
alumina. It is a common practice to determine the iron, calcu- 
late it to ferric oxide, and so to estimate the alumina indirectly. 
This may be done either by igniting in a current of hydrogen and 
estimating the iron by the weight of oxygen lost ; or, by dissolv- 
ing with sulphuric and hydrochloric acids, and determining the 
iron volumetrically. It should be borne in mind that these 
oxides will also contain any phosphoric oxide that happened to bo 
in the mineral. 

In general analyses of samples containing alumina, it may be 
contained in both the soluble and insoluble portions. In these 
cases it is better to fuse the sample with " fusion mixture " before 
treatment with adds. The alumina in the fused mass will exist 
in a state soluble in acids. 

QBAVIMETBIC DETERMINATION. 

Solutions containing alumina free from the other metals are 
diluted to a convenient bulk and heated nearly to boiling. Add 
chloride of ammonium, and then ammonia in slight excess ; boil, 
allow to settle, filter, and wash with hot water. Dry the precipi- 
tate, and ignite in a platinum or porcelain crucible at the strongest 
heat. Cool, and weigh. The substance is alumina, Al^Oj, which 

* Allele + sNa^SA + ^UJO = Al^CHO), + 6NaCl + 3S + 380,. 
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contains 52.94 per cent, of alummium. It is only in special 
cases, such as the analysis of ihetals and alloys, that it is reported 
as aluminium. The percentage of alumina is generally given. 

Ignited alumina is difficultly soluble in acids ; it is not reduced 
by hydrogen at a red heat. Ignited with ammonium chloride 
portions are volatilised. 

Direct Determination of Alumina in the Presence of 
Iron. — The iron and alimiina are precipitated as hydrates by 
ammonia. The precipitate is dissolved in hydrochloric acid and 
the iron reduced to the ferrous state. It is then added to a hot 
solution of potash or soda. The solution is boiled till the precipi- 
tate settles readily, filtered, and washed with hot water. The 
alumina is contained in the filtrate, which is acidified with hydro- 
chloric acid and the alumina precipitated therefrom as hydrate 
with ammonia, as just described. 

Determination of Alumina in the Presence of Phos- 
phates and Iron. — For details, see a paper by R. T. Thomson 
in the "Journal of the Society of Chemical Industry," v. p. 152. 
The principles of the method are as follows : — If the substance^ 
does not already contain sufficient phosphoric oxide to saturate 
the alumina, some phosphate is added. The iron is reduced to 
the ferrous state and phosphate of alumina precipitated in an 
acetic acid solution. It is purified by reprecipitation, ignited, 
and weighed as phosphate (A1,03,P,05), which contains 41.8 per 
cent, of alumina, A]fi^, 

EXAMINATION OP CIiAYS. 

Moisture. — ^Take 5 grams of the carefully-prepared sample and 
dry in the water-oven till the weight is constant. 

Loss on Ignition.— Weigh up 2 grams of the sample used for 
the moisture determination, and ignite in a platinum-crucible to 
redness, cool, and weigh. 

Silica and Insoluble Silicates. — ^Weigh up another 2 grams 
of the dried sample, and place them in a platinum dish ; moisten 
with water, and cover with 20 c.c. of sulphuric acid. Evaporate 
and heat gently to drive off the greater portion of the fi*ee acid. 
Allow to cool; and repeat the operation. Extract by boilings 
with dilute hydrochloric acid, filter, wash, dry, ignite, and weigh. 
The quantity of insoluble silicates is determined by dissolving 
out the separated silica with a strong boiling solution of sodium 
carbonate. The residue (washed, dried, and ignited) is weighed^ 
and reported as " sand." 

Alumina and Ferrous Oxide. — To the filtrate from the 
silica add " soda " solution till nearly neutral, and then sodium 
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acetate. Boil and fdter off the precipitate. Reserve the filtrate. 
Dissolve the precipitate in hydrochloric acid, and dilute to exactly 
200 C.C. Divide into two parts of 100 c.c. each. In one determine 
the iron by reducing and titrating in the way described under 
volumetric iron. CsJculate the percentage as ferrous oxide, unless 
there are reasons to the contrary, also calculate its weight as 
ferric oxide. To the other portion add ammonia in slight excess, 
and boil. Filter, wash with hot water, dry, ignite, and weigh as 
mixed alumina and ferric oxide. The weight of the ferric oxide 
has abeady been determined in the first portion : deduct it, and 
the difference is the weight of alumina. 

Lime. — ^To the reserved filtrate, concentrated by evaporation^ 
add ammonium oxalate and ammonia ; boil, filter, ignite strongly, 
and weigh as lime. 

Magnesia is separated from the filtrate by adding sodium 
phosphate. It is weighed as magnesium pyrophosphate. 

Potash and Soda. — ^These are determined in a fresh portion 
of the sample by Lawrence Smith's method, as described on page 
289. 

THORIA. 

This is an oxide of thorium, ThO,. It is only found in a 
few rare minerals. It is a heavy oxide, having, when strongly 
ignited, a specific gravity of 9.2. In the ordinary course of 
analysis it will be separated and weighed as alumina. It is 
separated from this and other earths by the following method. 
The solution in hydrochloric acid is nearly neutralised and then 
boiled with sodium hyposulphite. The thoria will be in the pre- 
cipitate. It is dissolved, and the solution heated with ammonium 
oxalate in excess. The precipitate is thorium oxalate, which is 
washed with hot water, dried, and ignited. It is then weighed 
as thoria, ThO,. Thoria which has been ignited is not readily 
soluble in acids. 

ZIRCONIA. 

The oxide of zirconium, ZrO„ is found in the mineral zircon, a 
silicate of zirconia, ZrSiO^. When heated intensely it becomes 
very luminous, and is used on this account for incandescent 
lights. 

In the ordinary course it is thrown down by ammonia with 
the other earths, from which it is thus separated : — ^The hydrates 
precipitated in the cold, and washed with cold water^ are dissolved 
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in hydrochloric acid, nearly neutralised with soda, and precipitated 
by boiling with hyposulphite of soda. Dissolve ; and from the 
hydrochloric acid solution precipitate the thoiia (if any) with 
ammonium oxalate. To the filtrate add carbonate of ammonia, 
which will precipitate any titanium present. The ziroonia will be 
in solution, and is recovered by precipitating with potassium sul- 
phate, or by evaporating the solution and igniting. It is separated 
from alumina by taking advantage of its insolubility in potassic 
hydrate. 

It is estimated in zircons in the following way : — ^The powdered 
substance is fused with bisulphate of potash, and extracted with 
dilute sulphuric add. The residue is fused with caustic soda and 
extracted with water. The portion not dissolved, consisting of zir- 
oonate of soda, is dissolved in hydrochloric acid. The solution is 
diluted, filtered if necessary, and treated with ammonia in excess. 
The precipitate is filtered off, washed with hot water, dried, 
ignited, and weighed as zirconia, ZrO,. This is a white powder, 
which is insoluble in acids ; even in hydrofluoric acid it is only 
slightly attacked. 

CERIUM. 

Cerium occurs as silicate (together with the oxides of lantha- 
num, didymium, iron and calcium) in the mineral cerite, which is 
its chief source. It also occurs as phosphate in monazite, and as 
fluoride in fluocerite. The oxalate is used in medicine. Cerium 
forms two classes of salts corresponding to the oxides, cerous 
oxide (Ce^Og) and eerie oxide (CeO,). Compounds of cerium with 
volatile acids yield dioxide on ignition ; and this, on solution in 
hydrochloric acid, yields cerous chloride and chlorine. 

In the ordinary course cerium is thrown down along with 
alumina and the other earths by ammonia. It is separated by 
dissolving the hydrates in hydrochloric acid, and oxidizing with 
chlorine water. On treating with oxalic acid, cerium, lanthanum, 
and didymium are precipitated as oxalates, which on ignition are 
converted into oxides. These are soluble in acids. Their solution 
in hydrochloric acid is nearly neutralised ; acetate of soda is 
then added, and an excess of sodium hypochlorite. On boiling, 
the cerium is precipitated as dioxide, which is Altered off, ignited, 
and weighed. 

Cerium is detected by giving with borax a bead which is yellow 
in the oxidising, and colourless in the reducing flame. Traces of 
cerium compoimds boiled with dioxide of lead and nitric acid will 
give a yellow solution. 
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LANTHANUM AND DIDYMIUM 

occur together with cerium in cerite, and are separated with that 
metal as oxalates, as described under Cerium, 

Didymium salts have a rose or violet colour, and impart (when 
in sufficient quantity) the same colour to the borax bead. Solu- 
tions have a characteristic absorption-spectrum. 

The separation of lanthanum and didymium in the solution 
from which the cerium has been precipitated is effected by pre- 
cipitating them together as. oxalates, igniting, and dissolving in 
dilute nitric acid. This solution is then evapoi*ated to dryness 
and ignited, for a few minutes, just below I'edness. A subnitrate 
of didymium is formed, and remains as an insoluble iwdue on 
extracting with hot water. The separated salts are ti'eated with 
ammonia and ignited, and weighed as oxides (L&fi^ and DijOj). 

YTTRIA. 

Yttria is found in gadolinite and some other I'are minerals. It 
is precipitated along with the other earths by ammonia. It is 
distinguished by the insolubility of its hydi-ate in potash, by the 
insolubility of its oxalate in oxalic acid, and by not being preci- 
pitated by hyposulphite of soda or potassium sulphate. Further, 
it is precipitated by potash in the presence of tartaric acid as an 
insoluble tartrate. This reaction distinguishes the members of 
the yttria group from most of the other earths. The other mem- 
l3ers of the group closely resemble it, and amongst them are 
«rbia, terbia, ytterbia, scandia, &c. 

BERYLLIA. 

The oxide of beryllium, BeO (also known as glucina), occurs in 
nature mainly as silicate. Beryl, the green transparent variety 
of which is the emerald, is the best known of these. It is a sili- 
cate of alumina and beryllia.* Some other minerals in which it 
occurs are phenakite, euclase, and chrysoberyl. 

In the ordinary course of analysis, beryllia will be precipitated 
with alumina, &c., by ammonic hydrate. It is distinguished by 
the solubility of its hydrate in ammonic carbonate, by not being 
precipitated by boiling with sodium hyposulphite, and by not 
being precipitated by ammonic sulphide from an ammonic 
••carbonate solution. 

The analysis of silicates containing beryllia is thus effected. 

* 3BeO,AljO„6SiOr 
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The finely powdered substance is fused with twice its weight of 
potassium carbonate ; and the " melt " is extracted with water, and 
evaporated with a slight excess of sulphuric acid to render the 
silica insoluble. Treat with water, filter, and evaporate the fil- 
trate imtil a crust is formed. Potash alum crystallises out. The 
liquor is poured ofi* into a warm strong solution of ammonium 
carbonate. Ferric hydrate and alumina will be precipitated- 
They are filtered ofi*, re-dissolved, and again precipitated in ammo- 
nic carbonate solution ; the combined filtrates are boiled for 
some time, and acidified slightly with hydrochloric acid. The 
carbon dioxide is boiled off, and the beryllia is then precipitated 
as hydrate with ammonia. The hydrate is washed with hot 
water, dried, ignited, and weighed as beryllia, BeO. 

Beryllia has a specific gravity of 3.08. It is white, infusible, 
and insoluble in water. After ignition, it is insoluble in acids, 
exbept sulphuric, but is rendered soluble by fusion with alkalies. 

Beryllia, in a solution of carbonate of ammonia, is precipitated 
as carbonate on boiling in proportion as the carbonate of ammo- 
nia is volatilised. The hydrate is dissolved by a boiling solution 
of ammonic chloride, ammonia being evolved. 



THE ATiKATiIKE EABTHS. 

LIME. 

Lime is an oxide of calcium, CaO. It occurs abundantly in 
nature, but only in a state of combination. The carbonate 
(CaCOg), found as limestone, chalk, and other rocks, and as the 
minerals calcite and arragonite, is the most commonly occurring 
compound. The hydrated sulphate, gypsum (CaS0^.2HjO), is 
common, and is used in making " plaster of Paris." Anhydrite 
(CaSO^) also occurs in rock masses, and is often associated with 
rock salt. Phosphate of lime, in the forms of apatite, phosphorite, 
coprolite, &c., is largely mined. Lime is a component of most 
natural silicates. Calcium also occurs, combined with fluorine, in 
the mineral fluor (CaF,). In most of these the acid is the im- 
portant part of the mineral; it is only the carbonate which is 
used as a source of lime. 

Lime, in addition to its use in mortars and cements, is valuable 
as a flux in metallurgical operations, and as a base in chemical 
work on a large scale. A mixture of lime and magnesia is used 
in the manufacture of basic fire-bricks. 

Carbonate of lime on ignition, especially when in contact with 
reducing substances, loses carbonic acid, and becomes lime. This- 
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is known as '^ quicklime " ; on treatment with water it becomes 
Jiot, expands, and falls to a powder of *^ slaked lime " or caldum 
hydrate (CaHaO«). The hydrate is slightly soluble in water (o. 1 368 
gram in 100 cc), forming an alkaline solution known as lime- 
water. Calcium hydrate is more generally used suspended in 
water as ^* milk of lime/' 

As a flux it is used either as limestone or as quicklime. Silica 
forms with lime a compound, calcium silicate, which is not very 
fusible ; but when alumina and other oxides are present, as in 
clays and in most rocky substances, the addition of lime gives a 
very fusible slag. 

Detection. — Calcium is detected by the reddish colour which 
its salts impart to the flame. It is best to moisten with hydro- 
chloric acid (or, in the case of some silicates, to treat with ammo- 
nium fluoride) before bringing the substance into the flame. 
When seen through a spectroscope, it shows a large number of 
lines, of which a green and an orange are most intense and char- 
acteristic. Calcium is detected in solution (after removal of the 
metals by treatment with sulphuretted hydrogen and ammonium 
sulphide) by boiling with ammonium oxalate and ammonia. The 
lime is completely thrown down as a white precipitate. Lime is 
distinguished from the other alkaline earths by forming a sulphate 
insoluble in dilute alcohol, but completely soluble in a boiling 
solution of ammonium sulphate. 

Xime compounds are for the most part soluble in water or in 
dilute hydrochloric acid. Calcium fluoride must be first con- 
verted into sulphate by evaporation in a platinum dish with 
sulphuric acid. Insoluble silicates are opened up by fusion with 
^* fusion mixture," as described under Silica, 

Separation. — The separation of lime is effected by evaporating 
with hydrochloric acid, to separate sihca ; and by treating with 
sulphuretted hydrogen, to remove the second group of metals. 
If the substance contains much iron, the solution is next oxidised 
by boihng with a little nitric acid ; and the iron, alumina, &c,f 
are removed as basic acetates. The filtrate is treated with am- 
monia and sulphuretted hydrogen, and allowed to settle. The 
filtrate from this is heated to boiling, treated with a solution of 
ammonium oxalate in excess, boiled for five or ten minutes, 
allowed to settle for half an hour, and filtered. The precipitate 
contains all the lime as calcium oxalate. 

GBAVIMETBIC DETEB.MINATION. 

The precipitate of calcium oxalate is washed with hot water, 
dried, transferred to a weighed platinum crucible, and ignited at 
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a temperature not above incipient redness. This ignition con- 
verts the oxalate into carbonate, with evolution of carbonic oxide, 
which bums at the mouth of the crucible with a blue flame.* 
Crenerally a small quantity of the carbonate is at the same time 
converted into lime. To reconvert it into carbonate, moisten 
with a few drops of ammonic carbonate solution, and dry in a 
water-oven. Heat gently over a Bunsen burner, cool, and weigh. 
The substance is calciimi carbonate (CaCOj), and contains 56 per 
cent, of lime (CaO). It is a white powder, and should show no 
alkaline reaction with moistened litmus-paper. 

Where the precipitate is small, it is better to ignite strongly 
over the blowpipe, and weigh directly as lime. With larger 
qimntities, and when many determinations have to be made, it is 
easier to make the determination volumetrically. 

VOIiUMETBIC METHODS. 

These are carried out either by dissolving the oxalate at once in 
dilute hydrochloric acid, and titrating with permanganate of potas- 
sium solution ; or by calcining it to a mixture of lime and carbonate, 
and determining its neutralising power with the standard solu- 
tions of acid and alkali. 

Titration with Permanganate of Potassium Solution. — 
This solution is made by dissolving 5.643 grams of the salt in 
water, and by diluting to i Htre ; 100 c.c. are equivalent to 0.5 
gram of lime. 

The solution is standardised by titrating a quantity of oxalic 
acid about equivalent to the lime present in the assay; 0.5 gram 
of lime is equivalent to 1.125 gram of oxalic acid. The standard- 
ising may be done with iron. 

The process is as follows : — The calcium oxalate (having been 
precipitated and washed, as in the gi*avimetric process) is washed 
through the funnel into a flask with hot dilute hydrochloric acid, 
boiled till dissolved, diluted to 200 c.c. with water, acidifled with 
sulphuric acid, and heated to about 80° C. The standard solution 
of " permanganate " is then run in (not too quickly, and with 
constant shaking) until a permanent pink tinge is produced. The 
c.c. used multiplied by the standard, and divided by the weight 
of the substance taken, will give the percentage of lime. 

Estimation of Iiime by Alkalimetry. — The methods of 
determining the amount of an alkali or base by means of a 
standard acid solution, or, conversely, of determining an acid by 
means of a standard alkaline solution, are so closely related that 

* CaC.,0, = CaCO, + CO. 
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they are best considered under one head. The same standard 
solution is applicable for many purposes, and, consequently, it 
is convenient to make it of such strength that one litre of it 
shall equal an equivalent in grams of any of the substances to be 
determined. Such solutions are termed normal. For example, a 
solution of hydrochloric acid (HC1=36.5) containing 36.5 grams 
of real acid per litre, would be normal and of equivalent strength 
to a solution containing either 17 grams of ammonia (NH3= 17) 
or 40 grams of sodic hydrate (!N'aH0 = 4o) per litre. It will 
be seen in these cases that the normal solution contains the 
molecular weight in grams per litre ; and, if solutions of these 
strengths be made, it will be found that they possess equal neu- 
tralising value. 

If, now, a solution containing 98 grams of sulphuric acid 
(H,SO^ = 98) per litre be made, it will be found to have twice 
the strength of the above solution, that is, 100 c.c. of the soda 
would only require 50 c.c. of the acid to neutralise it. The 
reason for this will be seen on inspecting the equations : — 

NaHO + HCl = NaCl + H,0. 
2NaH0 + H,SO, = Na,SO, + 2H,0. 

Acids like sulphuric acid are termed bibasic, and their equiva- 
lent is only half the molecular weight. Thus, a normal solution 
of sulphuric acid would contain 49 grams {^^) of real acid per 
litre. Similarly, lime and most of the bases are bibasic, as may 
be seen from the following equations ; hence their equivalent will 
be half the molecular weight. 

2HCI + CaO = CaCl, + H,0. 
2HCI + MgO = MgCl, + H,0. 

The standard normal solution of hydrochloric acid is made by 
diluting 100 c.c. of the strong acid to one litre with water. This 
will be approximately normal. In order to determine its exact 
strength, weigh up 3 grams of recently ignited pure sodium 
carbonate or of the ignited bicarbonate. Transfer to a flask and 
dissolve in 200 c.c. of water ; when dissolved, cool, tint faintly 
yellow with a few drops of a solution of methyl orange, and run 
in the standard " acid " from a burette till the yellow changes to 
a pink. Bead off the number of c.c. used, and calc\ilate to how 
much sodium carbonate 100 c.c. of the " acid " are equivalent. 
If the " acid " is strictly normal, this will be 5.3 grams. It will 
probably be equivalent to more than this. Now calculate how 
much strictly normal " acid " would be equivalent to the standard 
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found. For example: suppose the standard found is 5.5 gram of 
sodium carbonate, then — 

5.3 : 5.5 :: 100 : x 

(where x is the quantity of normal " add " required). 

X s= 103.8 C.C. 

To get the " acid " of normal strength, wo should then add 
3.8 c.c. of water to each 100 c.c. of the standard solution remain- 
ing, Suppose there were left 930 c.c. of the approximate " acid," 
35.3 c.c. of water must be added and mixed. It should then be 
checked by another titration with pure sodium carbonate. 

T^ie standard soltUion of semirnomial " alkaliJ' The best alkali 
for general purposes is ammonia, but, since it is volatile (especially 
in strong solutions), it is best to make it of half the usual strength, 
or aemirTwrmal, One litre of this will contain 8.5 grams of 
ammonia (NH,), and 100 c.c. of it will just neutralise 50 c.c. of the 
normal " acid." Take 28 c.c. of strong ammonia and dilute with 
water to one litre. Run into a flask 50 c.c. of the standard 
" acid," tint with methyl-orange, and run in from a burette the 
solution of ammonia till neutralised. Less than 100 c.c. will 
probably be used. Suppose 95 c.c. were required, there should 
have been 100, hence there is a deficiency of five. Then, for each 
95 c.c. of standard '^ ammonia " left, add 5 c.c. of water, and mix 
well. 100 c.c. will now be equivalent to 50 c.c. of the "acid." 

As an example of the application of this method, we may take 
the determination of lime in limestone, marble, and similar sub- 
stances. 

Determination of Lime in Limestone. — Weigh up i gram 
of the dried sample, and dissolve in 25 c.c. of normal acid, cool, 
dilute to 100 c.c, and titrate with the normal solution of 
alkali (using methyl-orange as an indicator). Divide the c.c. 
of alkali used by 2, subtract from 25, and multiply by 0.028 to 
find the weight of lime. This method is not applicable in the 
presence of other carbonates or oxides, unless the weight of 
these substances be afterwards determined and due correction be 
made. 

STRONTIA. 

Strontia, the oxide of strontium (SrO), occurs in nature as 
Sulphate, in the mineral celestine (SrSO^), and as carbonate in 
strontianite (SrCOj). It is found in small quantities in limestones, 
chalk, &G, 

Strontia is used in sugar-refining, and for the preparation of 
coloured lights. 

Detection. — It is detected by the crimson colour which its 
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compounds (when moistened with hydrochloric acid) impart to 
the flame. The spectrum shows a large number of lines, of which 
a red, an orange, and a blue are most characteristic. 

It resembles lime in many of its compounds, but is distinguished 
by the insolubUity of its sulphate in a boiling solution of ammo- 
nium sulphate, and by the insolubility of its nitrate in alcohol. 
From baryta, which it also resembles, it is distinguished by not 
yielding an insoluble chromate in an acetic acid solution, by the 
solubility of its chloride in alcohol, and by the fact that its sul- 
phate is converted into carbonate on boiling with a solution 
formed of 3 parts of potassium carbonate and i of potassium 
sulphate. 

It is got into solution in the same manner as lime. The sul- 
phate should be fused with " fusion mixture," extracted with 
water, and thoroughly washed. The residue will contain the 
strontia as carbonate, which is readily soluble in dilute hydro- 
chloric or nitric acid. 

Separation. — It is separated (after removal of the silica and 
metals, as described under Lime) by adding ammonia and am- 
monic carbonate, and allowing to stand for some hours in a warm 
place. In the absence of baryta or lime it is Altered off, and 
weighed as strontium carbonate, which contains 70.17 per cent, 
of strontia. It is separated from baryta by dissolving in a little 
hydrochloric acid, adding ammonia in excess, and then acidifying 
with acetic acid, and precipitating the baryta with potassium bi- 
chromate, as described under Baryta, The strontia is precipi- 
tated from the filtrate by boiling for some time with a strong 
solution of ammonic sulphate and a little ammonia. Fifty parts 
of ammonic sulphate are required for each part of strontia or 
lime present. The precipitate is Altered off, and washed first with 
a solution of ammonic sulphate, and then with alcohol. It is 
dried, ignited and weighed as strontium sulphate. 

GBAVIMBTRIC DETERMINATION. 

The determination of strontia in pure solutions is best made by 
adding sulphuric acid in excess and alcohol in volume equal to 
that of the solution. Allow to stand overnight, filter, wash with 
dilute alcohol, dry, ignite at a red heat, and weigh as sulphate 
(SrSOJ. This contains 56.4 per cent, of strontia (SrO) ; or 
47.7 per cent, of strontium. 
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BARYTA. 



Baryta, oxide of barium (BaO), commonly occurs in combina- 
tion with sulphuric oxide in the mineral barytes or heavy spar 
(BaSO^), and in combination with carbon dioxide in witherite 
(BaCOg). These minerals are not unfrequently found in large 
quantity (associated with galena and other metalHc sulphides) in 
lodes. Small isolated crystals of these are frequently found in 
mining districts. Barium is a constituent of certain mineral 
waters. The minerals are recognised by their high specific 
gravity and their crystalline form. 

Compounds of barium are often used by the assayer, more 
especially the chloride and hydrate. The salts are, with the ex- 
ception of the sulphate, generally soluble in water or hydrochloric 
acid. In such solutions sulphuiic acid produces a white precipitate 
of baric sulphate, which is practically insoluble in all acids. 

The dioxide (BaO,) is used for the preparation of oxygen. On 
strong ignition it gives up oxygen, and is converted into baryta 
(BaO), which, at a lower temperature, takes up oxygen from the 
air, re-forming the dioxide. 

Detection. — Barium is detected by the green colour its salts, 
especially the chloride, give to the flame. This, viewed through 
the spectroscope, shows a compHcated spectrum, of which two hues 
in the green are most easily recognised and characteristic. The 
salts of barium give no precipitate with sulphuretted hydrogen in 
either acid or alkaline solution, but with sulphuric acid they at 
once give a precipitate, which is insoluble in acetate of soda. In 
solutions rendered faintly acid with acetic acid, they give a yellow 
precipitate with bichromate of potash. These reactions are 
characteristic of barium. 

Baryta is got into solution in the manner described under 
Lime ; but in the case of the sulphate the substance is fused with 
three or four times its weight of " fusion mixture." The " melt " 
is extracted with water, washed, and the residue dissolved in 
dilute hydrochloric acid. 

Separation. — The separation is thus eftected : — The solution 
in hydrochloric acid is evaporated to dryness, re-dissolved in hot 
dilute hydrochloric acid, and sulphuric acid is added to the solu- 
tion till no further precipitate is formed. The precipitate is 
filtered off, and digested with a solution of ammonium acetate or 
of sodium hyposulphite at 50^* or 60" C. to dissolve out any lead 
sulphate. The residue is filtered off, washed, dried, and ignited. 
The ignited substance is mixed with four or five times its weight 
of " fusion mixture," and fused in a platinum-dish over the blow- 



BARYTA. 283 

pipe for a few minutes. When cold, it is extracted with cold 
water, filtered, and washed. The residue is dissolved in dilute 
hydrochloric acid, and (if necessary) filtered. The solution con- 
tains the barium as baric chloride mixed, perhaps, with salts of 
strontium or limo. To separate these, ammonia is added till the 
solution is alkaline, and then acetic acid in slight excess. Chro- 
mate of baryta is then thrown down, by the addition of bichromate 
of potash, as a yellow precipitate. It is allowed to settle, filtered 
and washed with a solution of acetate or of nitrate of ammonia. 
It is dried, ignited gently, and weighed. It is BaCrO^, and con- 
tains 60.47 P®'^ cent, of baryta. 

GHAVIMETBIC DETERMINATION. 

The gravimetric determination of baryta, when lime and strontia 
are absent, is as follows : — ^The solution, if it contains much free 
acid, is nearly neutralised with ammonia, and then diluted to 
100 or 200 c.c. It is heated to boiling, and dilute sulphuric acid 
is added till no further precipitation taJses place. The precipitate 
is allowed to settle for a few minutes, decanted through a filter, 
and washed with hot water ; and, afterwards, dried, transferred 
to a porcelain crucible, and strongly ignited in the muffle or over 
the blowpipe for a few minutes. It is then cooled, and weighed 
as sulphate of baryta (BaSO^). It contains 65.67 per cent, of 
baryta (BaO). 

In determining the baryta in minerals which are soluble in 
acid, it is precipitated direct from the hydrochloric acid solution 
(nearly neutralised with ammonia) by means of sulphuric acid. 
The precipitated baric sulphate is digested with a solution of 
ammonic acetate ; and filtered, washed, ignited, and weighed. 

VOLUMETBIC DETERMINATION. 

The principle and mode of working of this is the same as that 
given under the Sulphur Assay; but using a standard solu- 
tion of sulphuric acid instead of one of barium chloride. The 
standard solution of sulphuric acid is made to contain 32.02 
grams of sulphuric acid (H,SOJ, or an equivalent of a soluble 
alkaline sulphate, per litre. 100 c.c. will be equal to 5 grams of 
baryta. 

Five grams of the substance are taken, and the baryta they 
contain converted into carbonate (if necessary). The carbonate 
is dissolved in dilute hydrochloric acid. Ten grams of sodium 
acetate are added, and the solution, diluted to 500 c.c, is boiled, 
and titrated in the manner described. 
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Lead salts must be absent in the titration, and so must strontia 
and lime. Ferrous salts should be peroxidised by means of per- 
manganate or chlorate of potash. Other salts do not interfere.. 

MAGNESIA. 

Magnesia, the oxide of magnesium (MgO) occurs in nature in 
the rare mineral periclase (MgO) ; and hydrated, as brucite 
(MgHyO,). As carbonate it occurs in large quantity as magnesite 
^MgCOj), which is the chief source of magnesia. Mixed with 
carbonate of lime, it forms magnesian limestone and dolomite. It 
is pi^sent in larger or smaller quantity in most silicates ; and the 
minerals, serpentine, talc, steatite and meerschaum are essentially 
hydrated silicates of magnesia. Soluble magnesian salts occur 
in many natural waters ; more especially the sulphate and the 
chloride. Eieserite (MgSO^.H,0) occurs in quantity at Stassfurt, 
and is used in the manufacture of Epsom salts. 

Detection. — Magnesia is best detected in the wet way. Its 
compounds give no colour to the flame, and the only characteristic 
dry reaction is its yielding a pink mass when ignited before the 
blowpipe (after treatment with a solution of cobalt nitrate). In 
solution, it is recognised by giving no precipitate with ammonia 
or ammonic carbonate in the presence of ammonic chloride, and 
by giving a white crystalline precipitate on adding sodium phos- 
phate or arsenate to the ammoniacal solution. 

Magnesia diifers from the other alkaline earths by the solubility 
of its sulphate in water. 

Magnesia is dissolved by boiling with moderately strong acids ; 
the insoluble compounds are fused with " fusion mixture," and 
treated as described under Silicates, 

Separation. — It is separated by evaporating the acid solution 
to dryness to render silica insoluble, and by taking up with dilute 
hydrochloric acid. The solution is freed from the second group 
of metals by means of sulphuretted hydrogen, and the iron, 
alumina, &c., are removed with ammonic chloride, ammonia, and 
ammonic sulphide. The somewhat diluted filtrate is treated, 
first, with ammonia, and then with carbonate of ammonia in 
slight excess. It is allowed to stand for an hour in a warm place, 
and then filtered. The magnesia is precipitated from the filtrate 
by the addition of an excess of sodium phosphate and ammonia, 
it is allowed to stand overnight, filtered, and washed with dilute 
ammonia. The precipitate contains the magnesia as ammonic- 
magnesic phosphate. 

, In cases where it is not desirable to introduce sodium salts or 
phosphoric acid into the assay solution, the following method is 
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adopted. The solution (freed from the other alkaline earths hy 
ammonium carbonate) is evaporated in a small porcelain dish with 
nitric acid. The residue (after removing the ammonic salts by 
ignition) is taken up with a little water and a few crystals of 
oxalic acid, transferred to a platinum dish, evaporated to dryness, 
and ignited. The residue is extracted with small quantities of 
boiling water and filtered ofif; while the insoluble magnesia is 
washed. The filtrate contains the alkalies. The residue i& 
ignited, and weighed as magnesia. It is MgO. 

GBAVIMETHIC DETEB.MINATION. 

The solution containing the magnesia is mixed with chloride of 
ammonium and ammonia in excess. If a precipitate should form, 
more ammonic chloride is required. Add sodium phosphate 
solution in excess, stir and allow to stand overnight. Filter and 
wash the precipitate with dilute ammonia. Dry, transfer to a 
platinum or porcelain crucible, and ignite (finally at intense red- 
ness) ; cool, and weigh. The substance is magnesic pyrophos- 
phate (MgjPjOy), and contains 36.04 per cent, of magnesia. 

VOIiUMETBIC METHOD. 

The magnesia having been precipitated as ammonic-magnesic 
phosphate, which is the usual separation, its weight can be 
determined volumetrically by the method of titration described 
ulider Phosphates. 

The same standard solution of uranium acetate is used. Its 
standard for magnesia is got by multiplying the standard for 
phosphoric oxide by 0.5493. For example, if one hundred c.c. 
are equivalent to 0.5 gram of phosphoric oxide, they will be 
equivalent to (0.5 x .5493) 0.2746 gram of magnesia. The 
method of working and the conditions of the titration are the 
same as for the phosphate titration. The quantity of substance 
taken for assay must not contain more than o.i or 0.2 gram of 
magnesia. After precipitating as ammonic-magnesic phosphate 
with sodium phosphate, and well washing with ammonia, it is 
dissolved in dilute hydrochloric acid, neutralised with ammonia^ 
and sodic acetate and acetic acid are added in the usual quantity. 
The solution is boiled and titrated. 

EXAMINATION OF A LIMESTONE. 

Silica and Insoluble Silicates.^— Take one gram of the 
dried sample and dissolve it in 10 c.c. of dilute hydrochloric acid; 
filter ; wash, dry, and ignite the residue. 
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Organic Matter. — If the residue insoluble in hydrochloric 
acid shows the presence of organic matter, it must be collected on 
a weighed filter and dried at ioo°. On weighing, it gives the 
combined weights of organic and insoluble matter. The latter is 
determined by igniting and weighing again. The organic matter 
is calculated by difference. 

Lime. — ^Where but little magnesia is present, this is deter- 
mined by titration with standard acid. Take one gram, and dissolve 
it in 25 c.c. of normal hydrochloric acid. Tint with methyl-orange 
and titrate with semi-normal ammonia. Divide the quantity of 
ammonia used by 2, deduct this from 25, and multiply the re- 
mainder by 2.8. This gives the percentage of lime. Where mag- 
nesia is present, the same method is adopted, and the magnesia 
(which is separately determined) is afterwards deducted. The 
percentage of magnesia found is multiplied by i .4, and the result 
is deducted from the appai-ent percentage of fime got by titrating. 

Magnesia.— Dissolve 2 grams of the limestone in hydrochloric 
acid, and separate the lime with ammonia and ammonium oxalate. 
The filtrate is treated with sodium phosphate, and the magnesia 
is weighed as pyrophosphate, or titrated with uranium acetate. 

Iron. — Dissolve 2 grams in hydrochloric acid, reduce, and 
titrate with standard permanganate of potassium solution. This 
gives the total iron. The ferrous iron is determined by dissolv- 
ing another 2 grams in hydrochloric acid and at once titrating 
with the permanganate of potassium solution. 

Manganese. — Dissolve 20 grams in hydrochloric acid, nearly 
neutralise with soda, add sodium acetate, boU, and filter. To the 
fi.ltrate add bromine ; boil, and determine the manganese in the 
precipitate. See page 256. 

Phosphoric Oxide. — This is determined by dissolving the 
ferric acetate precipitate from the manganese separation in 
hydrochloric acid, adding ammonia in excess, and passing sul- 
phuretted hydrogen. Filter and add to the filtrate " magnesia 
mixture." The precipitate is collected, washed with ammonia, 
ignited, and weighed as pyrophosphate. 

THE ALKALIES. 

The oxides of sodium, potassium, lithium, caesium, and ru- 
bidium and ammonia are grouped under this head. Of these 
csesia and rubidia are rare, and lithia comparatively so. They 
are easily distinguished by their spectra, lliey are characterised 
by the solubihty of almost all their salts in water, and, conse- 
quently, are found in the solutions from which the earths and 
oxides of the metals have been separated by the usual group 
re-agents. 
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The solution from which the other substances have been 
separated is evaporated to dryness, and the product ignited to 
remove the ammonic salts added for the purpose of separation. 
The residue contains the alkali metals generally, as chlorides or 
sulphates. Before determining the quantities of the particular 
alkali metals present, it is best to convert them altogether, either 
into chloride or sulphate, and to take the weight of the mixed 
salts. It is generally more convenient to weigh them as chlorides. 
They are converted into this form, if none of the stronger acids 
are present, by simply evaporating with an excess of hydrochloric 
acid. Nitrates are converted into chlorides by this treatment. 
When sulphates or phosphates are present, the substance is dis- 
solved in a little water, and the sulphuric or phosphoric acid 
precipitated with a slight excess of acetate of lead in the presence 
of alcohol. The solution is filtered, and the excess of lead pre- 
cipitated with sulphuretted hydrogen. The filtrate from this is 
.evaporated to dryness with an excess of hydrochloric acid, and 
the residue, consisting of the mixed chlorides, is gently ignited 
and weighed. In many cases (such as the analysis of slags and 
of some natural silicates where the percentage of alkalies is 
small) the percentage of soda and potash (which most commonly 
occur) need not be separately determined. It is sufficient to report 
the proportion of mixed alkalies; which is thus ascertained: — 
Dissolve the ignited and weighed chlorides in loo c.c. of distilled 
water, and titrate with the standard solution of silver nitrate 
(using potassic chromate as indicator) in the manner described 
under Chlorine, The c.c. of silver nitrate used gives the weight 
in milligrams of the chlorine present. Multiply this by 0.775, 
and deduct the product from the weight of the mixed chlorides. 
This will give the combined weight of the alkalies (Na^O and K^O) 
present. For example, 0.0266 gram of mixed chlorides required 
on titrating 14.2 c.c. of silver, nitrate, which is equivalent to 
0.0142 gram of chlorine. This multiplied by 0.775 gives o.oiio 
to be deducted from the weight of the mixed chlorides. 

Mixed chlorides . . • • 0.0266 gram 
Deduction o.oiio ,, 

Mixed alkalies • • . • 0.0156 „ 

Assuming this to have been got from i gram of a rock, it would 
amount to 1.56 per cent, of " potash and soda." 

The relative proportions of the potash and soda can be 
'ascertained from the same determination. Sodium and potassium 
chlorides have the following composition : — 
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Sodium . 39.38 Potassium . 52.46 

Chlorine . 60.62 Chlorine . 47.54 



100.00 100.00 

The percentage of chlorine in the mixed chlorides is calculated. 
It necessarily falls somewhere between 47.5 and 60.6 per cent.^ 
and approaches the one or the other of these numbers as the 
proportion of the sodium or potassium preponderates. Each 
per cent, of chlorine in excess of 47.5 represents 7.63 per cent, 
of sodium chloride in the mixed chlorides. The percentage of 
potash and soda in the substance can be calculated in the usual 
way. Sodium chloride multiplied by 0.5 3c 2 gives its equivalent 
of soda (Na,0), and potassium chloride multiplied by 0.6317 gives 
its equivalent of potash (Kfi), 

The weight of sodium chloride in the mixed chlorides is also 
calculated thus: — Take the same example for illustration. 
Multiply the chlorine found by 2.103. This gives — 

(0.0142 X 2.103) 0.02987. 
From the product deduct the weight of the mixed chlorides 
found — 

Product . . • . . 0.02987 
Mixed chlorides « • . 0.02660 



Difference ^ •• . 0.00327 

The difference multiplied by 3.6288 gives the weight of sodium 
chloride in the mixture. In this case it equals o.oi 18 gram. The 
potassium chloride is indicated by the difference between this and 
the weight of the mixed chlorides. It equals 0.0148 gram. 
We have now got — 

Sodium chloride . • o.oii8gram 
Potassiimi chloride . . 0.0148 „ 

from I gram of the rock taken. Multiplying these by their fac- 
tors we have (Soda = aoi 18 x 0.5302 ;. Potash 0.0148 x 0.6317) — 

Soda .... ='0.625 P®^ cent. 

Potash . . . =0.935 yy 
» • • • 

Concentration of the Alkalies. — With the exception of 
magnesia, all the other bases are separated from the alkalies in 
the ordinary course of work without the addition of any re-agent 
which cannot be removed by simple evaporation and ignition,' 
Consequently, with substances soluble in acids, successive treat- 
ment of the solution with sulphuretted hydrogen, ammonia, 
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amnionic sulphide, and amnionic carbonate, filtering, where neces- 
sary, will yield a filtrate containing the whole of the alkalies with 
ammonic salts and, perhaps, magnesia. 

The filtrate is evaporated in a small porcelain dish, with the 
addition of nitric acid towards the finish. It is carried to dryness 
and ignited. The residue is taken up with a little water, treated 
with a few crystals of oxalic acid, and again evaporated and 
ignited. The sJkaline salts are extracted with water, and filtered 
from the magnesia into a weighed platinum dish. The solution 
is then evaporated with an excess of hydrochloric acid, ignited at 
a low i^d heat, and weighed. The residue consists of the mixed 
alkaline chlorides. 

For substances (such as most silicates and similar bodies) not 
completely decomposed by acids, Lawrence Smith's method is 
generally used. This is as follows : — ^Take from 0.5 to i gram of 
the finely powdered mineral, and mix, by rubbing in the mortar, 
with an equal weight of ammonium chloride. Then mix.with eight 
times as much pure calcium carbonate, using a part of it to rinse 
out the mortar. Transfer to a platinum crucible, and heat gently 
over a Bunsen burner until the ammonic chloride is decomposed 
(five or ten minutes). Baise the heat to redness, and continue at 
this temperature for about three quarters of an hour. The crucible 
must be kept covered. Cool, and turn out the mass into a 4-inch 
evaporating dish ; wash the crucible and cover with distilled 
water, and add the washings to the dish ; dilute to 60 or 80 c.c, 
and heat to boiling. Filter and wash. Add to the filtrate about 
1.5 gram of ammonium carbonate ; evaporate to about 40 c.c, and 
add a little more ammonic carbonate and some ammonia. Filter 
into a weighed platinum dish, and evaporate to dryness. Heat 
gently, to drive off the ammonic chloride, and ignite to a little 
below redness. Cool and weigh. The I'esidue consists of the 
mixed alkaline chlorides. 

Separation of the Alkali-Metals from, each other. — 
Sodium and lithium are separated from the other alkali-metals by 
taking advantage of the solubility of their chlorides in the pre- 
sence of platinic chloride ; and from one another by the formation 
of an almost insoluble lithic phosphate on boiling with a solution 
of sodium phosphate in a slightly alkaline solution. Caesium, 
rubidium, and potassium yield precipitates with platuiic chloride, 
which are somewhat soluble, and must be precipitated from con- 
centrated solutions. Caesium and rubidium are separated from 
potassium by fractional precipitation with platinum chloride. 
Their platino-chlorides, being less soluble than that of potassium, 
are precipitated first. One hundred parts of boiling water dis- 
solve 5.18 of the potassium platino-chloride, 0.634 of the rubi- 
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dium salt, and 0.377 of the coiTesponding csesium compound. 
The separation of lithium, ctesium, and rubidium is seldom called 
for, owing to their rarity. The details of the separation of potas- 
sium from sodium are described under Potassium, Ammonia 
compounds are sharply marked off from the rest by their vola- 
tility, and it is always assumed that they have been removed by 
ignition ; if left in the solution, they would count as potassium 
compounds. They will be considered under Amvionia. 

SODIUM. 

Sodium is the commonest of the alkali metals. It is found in 
nature chiefly combined with chlorine as " common salt " (NaCl). 
This mineral is the source from which the various compounds of 
sodium in use are prepared. Sodium occurs abundantly as 
nitrate (NaNOj) in Chili saltpetre, and as silicate in various 
minerals, such as albite (or soda-felspar). 

It occurs as fluoride in cryolite (NajAlF^), and as carbonate in 
natron, &c. Sulphates are also found. Sodium is very widely 
diffused, few substances being free from it. 

The deteotion of sodium is easy and certain, owing to the 
strong yellow colour its salts impart to the flame ; this, when 
viewed by the spectroscope, shows a single yellow line.* The 
extreme delicacy of this test limits its value, because of the wide 
diffusion of sodium salts. It is more satisfactoiy to separate it as 
chloride, which may be recognised by its taste, flame coloration, 
fusibility, and negative action with reagents. The chloride dis- 
solved in a few drops of water gives with potassium metantimo- 
niate, a white precipitate of the corresponding sodium salt. 

Sodium salts are dissolved out from most compounds on treat- 
ment with water or dilute acids^ Insoluble silicates are decom- 
posed and the alkali rendered soluble by Lawrence Smith's 
method, which has just been described. The separation of the 
sodium from the mixed chlorides is effected in the following 
way : — ^The chlorides are dissolved in a little water and the potas- 
sium separated as platino-chloride. The soluble sodium platino- 
chloride, with the excess of platinum, is boiled, mixed with sul- 
phuric acid, evaporated to dryness, and ignited. On extracting 
with water, filtering, evaporating, and igniting, sodium sulphate 
is left, and is weighed as such. 

It is more usual, and quite as satisfactory, to calculate the 
weight of the sodium chloride by difference from that of the 
mixed chlorides, by subtracting that of the potassium chloride, 

* Resolved into two with a powerful spectroscope. 
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which is separately determined. For example, i gram of a rock 
gave — Mixed chlorides, 0.0266 gram, and 0.0486 gram of potassic 
platino-chloride. This last is equivalent to 0.0149 gi^^jn of potas- 
sium chloride. 

Mixed chlorides found . . 0.0266 
Deduct potassium chloride . 0.0149 



Leaves sodium chloride . . 0.0117 

The weight of sodium chloride found, multiplied by 0.5302, 
gives the weight of the soda (Na,0). 

QRAVIMBTBIC DBTEBMINATION. 

The solution, which must contain no other metal than sodium, 
is evaporated in a weighed platinum crucible or dish. Towards 
the finish an excess, not too great, of sulphuric acid is added, and 
the evaporation is continued under a loosely fitting cover. The 
residue is ignited over the blowpipe, a fragment of ammonic car- 
bonate being added towards the end, when fumes of sulphuric 
acid cease to be evolved. This ensures the removal of the excess 
of acid. The crucible is cooled in the desiccator, and weighed. 
The substance is sulphate of soda (Na^SO^), and contains 43.66 
per cent, of soda (NajO), or 32.38 per cent, of sodium (Na). 

VOIiTJMETBIC METHODS. 

There are various methods used for the different compounds of 
sodium. There is no one method of general application. Thus 
with " common salt " the chlorine is determined volumetrically ; . 
and the sodium, after deducting for the other impurities, is 
estimated by difference. 

With sodic carbonate and caustic soda, a given weight of the 
sample is titrated with standard acid, and the equivalent of soda 
estimated from the alkalinity of the solution. 

With sodium sulphate, a modification of the same method is 
used. To a solution of 3.55 grams of the salt contained in a haJf- 
litre flask, 250 c.c. of a solution of baryta water is added. The 
volume is made up to 500 c.c. with water. The solution is mixed 
and filtered. Half of the filtrate is measured off, treated with a 
current of carbonic acid, and then boiled. It is transferred to a 
half-litre flask, diluted to the mark, shaken up, and filtered. 
250 c.c. of the filtrate, representing a quarter of the sample taken, 
is then titrated with standard acid. The standard acid is made 
by diluting 250 c.c. of the normal acid to i litre. The c.c. of 
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acid used multipKed by 2 gives the percentage. A correction 
must be made to counteract the effect of impurities in the baryta 
as well as errors inherent in the process. This is small, and its 
amount is determined by an experiment with 3.55 grams of pure 
sodium sulphate. 

EXAMINATION OP COMMON SALT, 

Moisture. — Powder and weigh up 10 grams of the sample into 
a platinum dish. Dry in a water oven for an hour, and after- 
wards heat to bare redness over a Bunsen burner. Cool, and 
weigh. The loss gives the water. 

Chlorine. — Weigh up two separate lots of i gram each ; dis- 
solve in ioo c.c. of water, and determine the chlorine by titrating 
with the standard silver nitrate solution, using chromate of 
potash as indicator. See Chlorine. 

Insoluble Matter. — Dissolve 10 grams of the salt in water 
with the help of a little hydrochloric acid. Filter off the sedi- 
ment, wash, ignite, and weigh. This residue is chiefly sand. 
Dilute the filtrate to 500 c.c. 

Idme. — ^Take 250 cc. of the filtrate, render ammoniacal and 
add ammonium oxalate; wash, dry, and ignite the precipitate. 
Weigh as lime (CaO). 

Magnesia. — To the filtrate from the lime add phosphate of 
soda. Allow to stand overnight, filter, wash with dilute ammo- 
nia, dry, ignite, and weigh as pyrophosphate. 

Sulphurio Oxide. — To the remaining 250 c.c. of the filtrate 
from the " insoluble," add an excess of barium chloride. CoUect^ 
wash, dry, ignite, and weigh the barium sulphate. 

Sodium. — It is estimated by difference. 

The following may be taken as an example : — 



Moisture . 
Insoluble matter 
Lime . 
Magnesia . 
Sulphuric oxide 
Chlorine . 
Sodium 



0.35 
0.40 
0.40 
0.05 
0.60 
59.60 
38.60 

100.00 



POTASSIUM. 

Potassium occurs in nature as chloride, in the mineral sylvine 
(KCl), and more abundantly combined with magnesium chloride, 
in carnallite (KCl.MgCl,.6H,0). It occurs as nitrate in nitre 
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(KNO3), and as silicate in many minerals, such as ortboclase (or 
potash-felspar) and muscovite (or potash-mica). 

Potassium compounds are detected by the characteristic violet 
colour they impart to the flame. The presence of sodium salts 
masks this tint, but the interference can be neutralised by view- 
ing the flame through a piece of blue glass. Viewed through the 
spectroscope, it shows a characteristic line in the red and another 
in the violet. These, however, are not so easy to recognise or 
obtain as the sodium one. Concentrated solutions of potassium 
salts give a yellow crystalline precipitate with platinum chloride, 
and a white crystalline one with the acid tartrate of soda. For 
these tests the solution is best neutral. These tests are only 
applicable in the absence of compounds other than those of potas- 
sium and sodium. 

GRAVIMETKIC DETERMINATION. 

This process serves for its separation from sodium. Take 
I gram of the sample and dissolve it in an evaporating dish with 
50 c.c. of water. Acidify with hydrochloric acid in quantity 
sufficient (if the metals are present as chlorides) to make it acid, 
or, if other acids are present, in at least such quantity as will 
provide the equivalent of chlorine. Add 3 grams of platinum, 
in solution as platinum chloride, and evaporate on a water-bath 
to a stiff paste, but not to dryness. Moisten with a few drops of 
platinic chloride solution without breaking up the paste by 
stirring. Cover with 20 c.c. of strong alcohol, and wash the 
crystals as much as possible by rotating the dish. Allow to 
settle for a few moments, and decant through a filter. Wash in 
the same way two or three times until the colour of the filtrate 
shows that the excess of the platinum chloride used is removed. 
Wash the precipitate on to the filter with a jet of alcohol from 
the wash-bottle ; clean the filter-paper, using as little alcohol as 
possible. Dry in the water-oven for an hour. Brush the pre- 
cipitate into a weighed dish, and weigh it. It is potassium 
platino-chloride (K,PtClg), and contains 16.03 V^^ ^®^*- ^^ potas- 
sium, or 30.56 per cent, of potassium chloride (KCl), which is 
equivalent to 19.3 per cent, of potash (K,0). 

If the filter-paper is not free from precipitate, burn it and weigh 
separately. The excess of weight over that of the ash will be 
due to platinum and potassic chloride (Pt and 2 KCl). This mul- 
tiplied by 1.4 1 3 will give the weight of the potassic platino- 
chloride from which it was formed. It must be added to the 
weight of the main precipitate. 

^e mixed alkaline chlorides obtained in the usual course of 
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analysis are treated in this manner; the quantity of platinum 
added must be about three times as much as the mixed chlorides 
weigh. 

VOLUMETBIC METHODS. 

These are the same as with soda. 

Examination of Commercial Carbonate of Fotash. — 

The impurities to be determined are moisture, silica, and inso- 
luble matter, chlorine, sulphuric oxide, and oxide of iron. These 
determinations are made in the ways described under the exami- 
nation of common salt. 

The potassium is determined by converting it into chloride 
and precipitating with platinum chloride, &c., as just described. 

Available Alkali. — Weigh up 23.5 grams of the sample, 
dissolve in water, and make up to 500 c.c. Take 50 c.c, tint 
with methyl orange, and titrate with the normal solution of acid. 
The c.c. of acid used multiplied by 2 gives the percentage of 
available alkali calculated as potash (K,0). 

Soda. — This is calculated indirectly in the following way :— 
Deduct from the potassium found the quantity required for com- 
bination with the chlorine and sulphuric oxide present, and 
calculate the remainder to potnsh (K,0). The apparent surplus 
excess of available alkali is the measure of the soda present. 

^ Carbon Dioxide. — The c.c. of acid used in the available alkali 
determination, multiplied by 2.2 and divided by 2.35, gives the 
percentage of carbon dioxide. 

LITHIUM. 

Lithia, the oxide of lithium (Li^O), occurs in quantities of 3 or 4 
per cent, in vaiious silicates, such as lepidolite (or lithia-mica)» 
spodumene, and petalite. It also occurs as phosphate in triphyline. 
It is a constituent of the water of certain mineral springs. A 
spring at Wheal Clifford contained as much as 0.372 gram of 
lithium chloride per litre. In small quantities, lithia is very 
widely diffused. 

The Detection of lithia is rendei^d easy by the spectroscope ; 
its spectrum shows a red line lying about midway between the 
yellow sodium line and the red one of potassium. It also shows 
a faint yellow line. The colour of the iiame (a crimson) is charac- 
teiistic. 

The reactions of the lithium compounds lie between those of 
the alkalies and of the alkaline earths. Solutions are not pre- 
cipitated by tartaric acid nor by platinic chloride. The oxide is 
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slowly soluble in water. The carbonate is not freely soluble, 
lithia is completely precipitated by gcdic phosphate, especially in 
hot alkaline solutions. 

In its determination the mixed alkaline chlorides obtained in 
the separation of the alkalies are dissolved in water, a solution of 
soda is added in slight excess, and the lithia precipitated with 
9odic phosphate. Before filtering, it is evaporated to dryness and 
extracted with hot water rendered slightly ammoniacal. The 
residue is transferred to a filter, dried, ignited, and weighed. 
The precipitate is lithium phosphate (3Li,0, PjO^), and contains 
38.8 per c^nt. of lithia. The separation of lithia from magnesia 
is not given by the usual authorities. Wohler recommends 
evaporating the solution to dryness with carbonate of soda. On 
extracting the residue with water, the lithia dissolves out and is 
determined in the filtrate. One hundred parts of water dissolve, 
at the ordinary temperature, 0.769 parts of lithium carbonate 
(LijCOj) ; the basic magnesia compound is almost insoluble in the 
absence of carbon dioxide and ammonium salts. 

CAESIUM. 

The oxide of caesium, caesia (Cs,0), is found associated with 
lithia in lepidolite, &c., and, together with rubidium, in many 
mineral waters. The mineral poUux is essentially a silicate of 
alumina and caesia; it contains 34.0 per cent, of the latter 
oxide. 

Caesium is best detected by the spectroscope, its spectrum 
being characterised by two lines in the blue and one in the red ; 
the latter is about midway between the lithium and sodium 
lines. 

If not detected by the spectroscope, or specially looked for, 
caesia would, in the ordinary course of work, be separated with 
the potash and weighed as potassium platino-chloride. 

Caesia is separated from all the other alkalies by adding to the 
acid solution of the mixed chlorides a strongly aoid cold solution 
of antimonious chloride. The acid used must be hydrochloric. 
The caesium is precipitated as a white crystalline precipitate 
(CsCLSbClj), which is filtered off, and washed, when cold, with 
strong hydrochloric acid ; since it is decomposed by water or on 
warming. The precipitate is washed into a beaker, and treated 
with siJphuretted hydrogen ; after filtering off the sulphide of 
antimony, the^ solution leaves, on evaporation, the caesium an 
chloride. 
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RUBIDIUM. 

Rubidium occurs widely diffused in nature, but in very small 
quantities. It is generally associated with caesium. 

It is detected by the spectroscope, which shows two violet lines 
and two dark red ones. Like caesium, it is precipitated with 
platinic chloride, and in the ordinary coui-se of work would be 
weighed as potassium. It is separated from potassium by frac- 
tional precipitation with platinic chloride. Rubidium platino- 
chloride is much less soluble than the potassium salt. 

AMMONIUM. 

It is usual to look upon the salts of ammonia as containing a 
compound radical (NH^ » Am), which i^esembles in many respects 
the metals of the alkalies. Ammonium occurs in nature as 
chloride in sal ammoniac (AmCl), as sulphate in mascagnine 
(Am,SO J, as phosphate in struvite (AmMgPO^. 1 2H,0). Minerals 
containing ammonium are rare, and are chiefly found either in 
volcanic districts or associated with guano. Ammonia and 
ammonium sulphide occur in the waters of certain Tuscan lagoons, 
which are largely worked for the boracic acid they contain. The 
crude boracic acid from this source contains from 5 to 10 per 
cent, of ammonium salts. It is from these that the purer forms 
of ammonium compounds of commerce known as ** from volcanic 
ammonia " are derived. But the bulk of the ammonia of com- 
merce is prepared from the ammoniacal liquors obtained as bye- 
products in the working of certain forms of blast furnaces and 
coke ovens, and more especially in gas-making. 

Ammonia hardly comes within the objects of assaying ; but it 
is largely used in the laboratory, and the assayer is not un- 
frequently called on to determine it. Ammonium salts are mostly 
soluble in water. In strong solutions they give a yellow pre- 
cipitate of ammonium platino-chloride on the addition of chloride 
of platinum ; and with the acid tartrate of soda yield a white 
precipitate of hydric ammonic tartrate. These reactions are 
similar to those produced with potassium compounds. 

Heated with a base, such as lime or sodic hydrate, ammonium 
salts are decomposed, yielding ammonia gas (NH,), which is readily- 
soluble in water. The solution of this substance is known as 
ammonic hydrate or ** ammonia." 

They are volatilised on ignition ; either with, or without, de- 
composition according to the acid present. This fact is of import- 
ance in analytical work ; since it allows of the use of alkaline 
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solutions and reagents which leave nothing behind on heating. 
It must be remembered, however, that, although ammonic chloride 
is volatile, it cannot be volatilised in the presence of substances 
which form volatile chlorides without loss of the latter. For 
example : ferric oxide and alumina are thus lost, volatilising as 
chlorides ; and there are some other compound^ (notably ammonic 
magnesic arsenate) which on heating to redness suffer reduction. 
The presence of ammonic chloride in such cases must be avoided. 

Detection. — Compounds of ammonium are detected by their 
evolving ammonia when mixed or heated with any of the stronger 
bases. The ammonia is recognised by its odour, by its alkaline 
reaction with litmus paper, and by yielding white fumes, when 
brought in contact with fuming acid. In consequence of the use 
of ammonium salts and ammonia as reagents, it is necessary to 
make a special test for and determination of ammonium.* In 
the ordinary course of work it will be " lost on ignition." The 
determination presents little difficulty, and is based on the method 
used for its detection. 

Solution and Separation. — ^Although ammonium salts are 
soluble in water, there is no necessity for dissolving them. The 
compound containing the am- 
monia is boiled with an alkaline 
solution ; and the liberated am- 
monia condensed and collected. 
The substance is weighed out into 
a flask of about 200 c.c. capacity. 
The flask is closed with a rubber 
cork perforated to carry a 20 c.c. 
pipette and a bulb exit tube. 
The latter is connected with a 
receiver, which is a .small flask 
containing dilute hydrochloric 
acid (fig. 61). The flask contain- 
ing the substance is corked, and 
the greater part of the soda solu- 
tion is run in from the pipette. 
The solution is then boUed. The ammonia volatilises, and is 
carried over into the hydrochloric acid, with which it combines to 
form ammonic chloride. The distillation is carried on for fifteen 
or twenty minutes, or until the bulk of the liquid is driven over. 
The ammonia in the receiver will be mixed only with the excess 
of hydrochloric acid. This separation is used in all determinations. 

* Ammonium compounds are frequently produced when dissolving 
metals in nitric acid ; or when nitrates are heated in the presence of the 
metals. 




Fig. 61. 
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GBAVIMETBIO DETEBMINATION. 

The contents of the flask are transferred to a weighed platinum 
dish, and evaporated on the water-bath. It is dried until the 
weight is constant. The chloride of ammonium remains as a 
white mass which, after cooling in a desiccator, is weighed. It 
contains 33.72 per cent, of ammonium (NH^), or 31.85 per cent, 
of ammonia (NH,). On heating over the Bunsen burner it is 
completely volatilised, leaving no residue. 

VOLUMBTBIC DETEBMINATION. 

Weigh up 1.7 gram of the substance and place it in the flask. 
Measure ofi' 50 c.c. of the normal solution of add, fdac^ them in 
the receiver, and dilute with an equal volume of water. Run in 
through the pipette (by opening the clip) 20 c.c. of a strong 
solution of soda, boil until the ammonia has passed over, and 
then aspirate a current of air through the apparatus. Disconnect 
the receiver, and tint its contents with methyl orange. Titrate 
the residual acid with a semi-normal solution of alkali. Divide 
the c.c. of the "alkali" solution used by 2, and deduct from 
the 50 c.c. The difference will give the number of c.c. of the 
normal acid solution neutralised by the ammonia distilled over. 
Each cc. of " acid '' so neutralised, represents i per cent, of 
ammonia in the sample. If the results are to be reported as 
ammonium, 1.8 gram of the sample is taken instead of 1.7 gram. 

COLOBIMETBIC DETEBMINATION. 

This is effected by means of " Nessler*s " reagent, which strikes a 
brown colour with traces of ammonia, even with a few hundredths 
of a milligram in 100 cc. of liquid. With larger quantities of 
ammonia the reagent gives a precipitate. This reagent is a strongly 
alkaline solution of potassic mercuric iodide ; and is thus made : — 

Neaaler^s solution : Dissolve 17 grams of mercuric chloride in 
300 c.c. of water ; and add the solution to one of 35 grams of 
potassium iodide in 100 c.c. of water until a permanent precipitate 
is produced. Both solutions must be cold. Then make up to a 
litre by adding a 20 per cent, solution of potash. Add more of 
the mercuric chloride (a little at a time) until a permanent pre- 
cipitate is again formed. Allow to settle, decant, and use the 
clear liquor. Four or five cc. are used for each 100 c.c. of liquid to 
be tested. 

A Standard Solution of Ammonia is made by dissolving 0.3 1 5 
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gi-am of amnionic chloride in water, and diluting to 100 c.c. 
Ten c.c. of this are taken and diluted to i litre. One c.c. contains 
0.0 1 milligram of ammonia (NH3). 

In working, the solution containing the ammonia is diluted to a 
definite volume, and to such an extent that 50 c.c. of it shall not 
contain more than 0.02 or 0.03 milligram of ammonia. Fifty c.c. 
of it are transferred to a Nessler glass and mixed with 2 c.c. of 
Nessler's reagent. The colour is noted, and an estimate made as 
to the amount of ammonia it indicates. A measured quantity of 
the standard ammonia, judged to contain ahout as much ammonia 
as that in the assay, is then put into another Nessler glass. It is 
diluted to 50 c.c. with water, and mixed with 2 c.c. of " Nessler." 
After standing a minute or two, the colours in the two glasses 
are compared. If the tints are equal, the assay is finished ; but 
if the standard is weaker or stronger than the assay, another 
standard, containing more or less ammonia, as the case may be, 
must be prepared and compared with the assay. Two such 
experiments will generally be sufficient ; but, if not, a third must 
be made. The addition of more standard ammonia to the solution 
to which the " Nessler " has already been added does not give a 
satisfactory result. 

When the ammonia in 50 c c. has been determined, that in the 
whole solution is ascertained by a suitable multiplication. By 
10, for example, if the bulk was 500 cc, or by 20 if it was a litre. 

Kstilled water is used throughout. It must be free from 
ammonia; and is best prepared by distilling an ammonia-free 
apring water. 
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CHAPTER XV. 
OXYGEN AND OXIDES.— TQE HALOGENS. 

OXYGEN. 

Oxygen occurs in nature in the free state, forming 23 per cent, by- 
weight, or 2 1 per cent, by volume of the atmosphere , but, since it 
is a gas, its presence is easily overlooked and its importance under- 
estimated. Except in the examination of furnace-gases, <kc., the 
assayer is not often called upon to determine its quantity, but it 
forms one of his most useful reagents, and there are many cases 
where he cannot afford to disregard its presence. It occurs not 
only in the air, but also dissolved in water ; ordinary waters con- 
taining on an average 0.00085 per cent, by weight, or 0.85 parts 
per 100,000. 

Chemically, it is characterised by its power of combining, espe- 
cially at high temperatures, with the other elements, forming an 
important class of compounds called oxides. This combinatioD, 
when rapid, is accompanied by the evolution of light and heat ; 
hence oxygen is generally called the supporter of combustion. 
This property is taken advantage of in the operation of calcining, 
scorifying, cupelliog, &c. The importance of a free access of air 
in all such work is seen when it is remembered that i litre of air 
contains 0.2975 gram of oxygen, and this quantity will only 
oxidise 0.1115 gram of carbon, 0.2975 gram of sulphur, or 3.849 
grams of lead. 

Oxidation takes place at the ordinary temperature with many 
substances. Examples of such action are seen in the weathering 
of pyrites, rusting of iron, and (in the as^ay office) the weakening 
of solutions of many reducing agents. 

For methods of determining the percentage of oxygen in gases, 
for technical purposes, the student is referred to "Winkler ^ 
Lunge's " Technical Gas Analysis." 
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OXIDES. 

Oxides are abundant in nature, almost all the commonly occur- 
ring bodies being oxidised. Water (H,0) contains 88.8 per cent, 
of oxygen ; silica, lime, alumina, magnesia, and the other earths 
are oxides, and the oxides of the heavier metals are in many cases 
important ores ; as, for example, cassiterite (SnO^), hsBmatite 
(Fe,03), magnetite (FOgO^), and pyrolusite (MnO,). In fact, the 
last-named mineral owes its value to the excess of oxygen it con- 
tains, and may be regarded as an ore of oxygen rather than of 
manganese. 

Most of the metals, when heated to redness in contact with air, 
lose their metallic lustre and become coated with, or (if the heat- 
ing be prolonged) altogether converted into, oxide. This oxide 
was formerly termed a "calx," and has long been known to 
weigh more than the metal from which it was obtained. For 
example, one part by weight of tin becomes, on calcining, 1.27 1 
parts of oxide (putty powder). The student will do well to try 
the following experiments : — Take 20 grams of tin and heat them 
in a muffle on a scorifier, scraping back the dross as it forms, and 
continuing the operation until the whole of the metal is burnt to 
a white powder and ceases to increase in weight.* Take care to 
avoid loss, and, when cold, weigh the oxide formed. The oxide 
should weigh 25.42 grams, which increase in weight is due to the 
oxygen absorbed from the air and combined with the metal. It 
can be calculated from this experiment (if there has been no loss) 
that oxide of tin contains 21.33 per cent, of oxygon and 78.67 
per cent, of tin. Oxidation is performed with greater conveni- 
ence by wet methods, using reagents, such ns nitric acid, 
which contain a large proportion of oxygen loosely held. Such 
reagents are termed oxidising agents. Besides nitric acid, 
permanganate of potash, bichromate of potash, and peroxide of 
hydrogen are largely used for this purpose. One c.c. of nitric 
acid contains as much oxygen as 2.56 litres of air, and the 
greater part of this is available for oxidising purposes. Try 
the following experiment : — ^Take 2 grams of tin and cover in a 
weighed Berlin dish with 20 c c. of dilute nitric acid, heat till 
decomposed, evaporate to dryness, ignite, and weigh. The 
2 grams of tin should yield 2.542 grams of oxide. The in- 
crease in weight will be propoiiionally the same as in the previous 
experiment by calcination, and is due to oxygen, which in this 
case has been derived from the nitric acid. 

♦ This will require two or three hours to thoroughly complete. It is 
best to powder the oxide first produced, and recalcine. 
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The percentage of oxygen in this oxide of tin (or iii any of the 
oxides of the heavier metals) may be directly determined by heat- 
ing such oxides in a current of hydrogen, and collecting and 
weighing the water formed. 

It is found by experiment that 88.86 parts by weight of oxygen, 
combining with 1 1.14 parts of hydrogen, form 100 parts of water ; 
so that from the weight of water formed it is eavsy to calculate 
the amount of oxygen the oxide contained. 

Take i gram of the dried and powdered oxide and place it in a 
warm dry combustion tube. Place the tube in a furnace, and 
connect at one end with a hydrogen apparatus provided with a 
sulphuric acid bulb for drying the gas, and at the other with a 
weighed sulphuric acid tube for collecting the water formed. 
The apparatus required is shown in fig. 62. Pass hydrogen 
through the apparatus, and, when the air has been cleared out, 

Fm. 62. 




light the furnace. Continue the heat and current of hydrogen 
for half an hour (or longer, if necessary). Allow to cool. Draw 
a current of dry air through the weighed tube. Weigh. The 
increase in weight gives the amount of water formed, and this, 
multiplied by 0.8886, gives the weight of the oxygen. The per- 
centage of oxygen thus determined should be compared with that 
got by the oxidation of the metal. It will be practically the 
same. The following results can be taken as examples : — 

Twenty grams of tin, calcined as described, gave 25.37 grams 
of oxide. 

Two grams of tin, oxidised with nitric acid and ignited, gave 
2.551 grams of oxide. 

One gram of the oxide of tin, on reduction in a current of 
hydrogen, gave 0.2360 gram of water (equivalent to 0.2098 gram 
of oxygen), and left 0.7900 gram of metal. 

Ten grams of ferrous sulphate gave, on strong ignition, 2.898 
grams of ferric oxide (Fefi^) * instead of 2.877. 

The student should similarly determine the percentage of 
oxygen in oxides of copper and iron. The former oxide was pre- 
pared by dissolving 5 grams of copper in 50 c.c. of dilute nitric 

* No magnetic oxide was formed. 
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acid, evaporating to dryness, and strongly igniting the residue. 
The oxide of iron may be made by weighing up 10 grams of 
powdered ferrous sulphate ( = to 2.014 grams of iron) and heating, 
at first gently, to drive off the water, and then at a red heat, 
until completely decomposed. The weight of oxide, in each case, 
should be determined ; and the percentage of oxygen calculated. 
Compare the figures arrived at with those calculated from the 
formula of the oxides, CuO and Fe,Og. 

It would be found in a more extended series of experiments 
that the same metal will, under certain conditions, form two or 
more oxides differing among themselves in the amount of oxygen 
they contain. These oxides are distinguished from one another 
by such names as "higher" and "lower oxides," "peroxides," 
" protoxides," " dioxides," &c. 

The oxides may be conveniently classified under three heads : — 
(i) Those that are reduced to metal hy heat aloriey such as the 
oxides of mercury, silver,, platinum, gold, (fee. ; 

(2) Those which are reduced hy hydrogen at a red heat, which 
includes the oxides of the heavy metals ; 

(3) Those which are rwt reduced hy these means, good examples 
of which are silica, alumina, the alkalies, and the alkaline earths. 

Another important classification is into acid, basic and neutral 
oxides. The oxides of the non-metallic elements, such as sulphur, 
carbon, phosphorus, <fec., are, as a rule, acid ; and the more oxygen 
they contain, the more distinctly acid they are. The oxides of 
the metals are nearly all basic ; and, as a rule, the less oxygen they 
contain, the more distinctly basic they are. 

The basic oxides, which are soluble in acids, give rise to the 
formation of salts when dissolved therein. During the solution, 
water is formed, but no gas is evolved. The oxide dissolved in 
each case neutralizes an equivalent of the acid used for solution.* 
The basic properties of many of these can be taken advantage of 
for their determination. This is done in the case of soda, potash, 
lime, <fec., by finding the quantity of acid required to neutralize a 
given weight of the substance. 

There are some oxides which, under certain conditions, are 
acid to one substance (a stronger base) and basic to another (a 
stronger acid). For example, the oxides of lead and of tin, as 
also alumina, dissolve in caustic soda, acting as acids ; whilst, on 

* For example: — 
CaO + 2HCI = CaCLj + H^O. 
PbO + H„SO, = PbSO, + H.,0. 
MgO + 2HNO, - Mg(NO,); + H.,0. 
AI2O, + 6HC1 = AI^Cl. + 3HjO. 
Fe^O, + 3H,S0, = Fe^CSOJ, + sH^O. 
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the other hand, they combine with sulphuric or hydrochloric acid^ 
playing the part of bases. 

The oxides known as " earths," when ignited, are many of 
them insoluble in acids, although easily dissolved before ignition. 

It is common in complete analyses of minerals to meet vith 
cases in which the sum total of the elements found falls short of 
the amount of ore taken ; and here oxygen must be looked for. 
For example, this occurs in the case of a mixture of pyrites with 
oxide of iron, or in a mixture of sulphides and sulphates. The 
state in which the elements are present, and the percentage (say 
of sulphides and sulphates) can in many cases be determined; but 
this is not always required. When the difference between the 
sum total and the elements found is small, it is reported as 
" oxygen and loss." When, however, it is considerable, the oxygen 
may be reported as such ; and its amount be either determined 
directly in the way already described, or calculated from the best 
determination that can be made of the relative amounts of oxides, 
sulphides, sulphates, &c., present. Such cases require a careful 
qualitative analysis to find out that the substance is present; 
and then the separation of each constituent is made as strictly as 
possible. These remarks apply especially to ores of the heavy 
metals. The separation of the constituents is effected with suit- 
able solvents applied in proper order. The soluble sulphates, for 
example, are extracted with water ; the oxides by the dilute acids 
or alkalies in which they are known to be soluble. The oxygen 
in the sulphates and oxides thus obtained is estimated by deter- 
mining the sulphur and metals in the solutions, and calculating 
the amount of oxygen with which they combine. The metals of 
the earths and alkalies are almost invariably present as oxides, 
and are reported as such ; except it is known that they are present 
in some other form, such as fluoride or chloride. Thus, silica, 
alumina, lime, water, &c., appear in an analysis ; even in those 
cases where '^ oxygen and loss " is also mentioned. As an example 
of such a report, take the following analysis of Spanish pyrites : — 
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Copper 
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Lime 
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Silica, &c. 
Water 
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The following example will illustrate the mode of calculating 
and reporting. A mineral, occurring as blue crystals soluble in 
water, and found on testing to be a mixed sulphate of iron and 
copper, gave on analysis the following results : — 

Water 44.51 per cent. 

Sulphuric oxide 28.82 

Copper 8.44 

Ferrous iron 11. 81 

Ferric iron 0.38 

Zinc 0.28 



94.24 



There is here a deficiency of 5.76 per cent, due to oxygen* 
Nothing else could be found, and it is known that in the sulphates 
the metals exist as oxides. By multiplying the weight of the 
copper by 1.252, the weight of copper oxide (CuO) will be ascer- 
tained; in this case it equals 10.57 per cent. The ferrous iron 
multiplied by 1.286 will give the ferrous oxide (FeO) ; in this 
case 15.19 per cent. The ferric iron multiplied by 1.428 will give 
the ferric oxide (FejO,); in this case 0.54 per cent. The zinc 
multiplied by 1.246 will give the zinc oxide (ZnO) ; in this case it 
equals 0.35 per cent. The analysis will be reported as — 



Water . 
Sulphuric oxide 
Copper oxide . 
Ferrous oxide 
Ferric oxide . 
Zinc oxide 



44.51 
28.82 



82 
10.57 equal to copper 8.4470, 
15.19 

0.54 

0-35 

99.98 

The following (A) is an analysis of a sample of South American 
copper ore, which will serve as a further illustration. The 
analysis showed the presence of 6.89 per cent, of ferrous oxide, 
and some oxide of copper. 

The analysis (B) is that of an ore from the same mine after an 
imperfect roasting. It will be seen that the carbonates have been 
converted into sulphates. If the total sulphur simply had been 
determined, and the sulphate overlooked, the ^* oxygen and loss " 
would have been 5.65 per cent., an amount which would obviously 
require an explanation. 
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Water 

Organic matter 
Sulphur . 

Copper 

Iron . 

Lead 

Zinc . 

Cobalt 

Lime 

Magnesia . 

Sulphuric oxide 

Carbon dioxide . 

" Insoluble silicates '* 

Oxygen and loss 



0.25 

0.54 

29.50 

10.92 
32.09 

0.35 
0.86 
0.06 
5.35 

2.33 
1. 00 
8.87 
5.12 
2.86 



Potash 
Soda . 



B. 
0.59 

21-33 

o^ (Copper . 
^ "(Copper oxide 

(Iron 
39-73 j Ferric oxide . 
0.12 
0.69 
0.1 1 
7.69 

2.55 
5- 30 

8.38 
2.47 
0.15 
1.09 



9.57 
0.28 

34.32 
1'7Z 



WATER. 

Water occurs in minerals in two forms, free and combined. 
The term " moisture " ought, strictly, to be limited to the fii-st, 
although, as has ah^'eady been explained, it is more convenient in 
assaying to apply the term to all water which is driven off on 
drying at 100" C. The combined water is really a part of the 
mineral itself, although it may be driven off at a high tempera- 
ture, which varies with the base. In some cases a prolonged red 
heat is required ; whilst with crystallised salts it is sometimes 
given off at the ordinary temperatures. This latter phenomenon, 
known as efflorescence, is mostly confined to artificial salts. 

The determination of the combined water may often be made 
by simply igniting the substance from which the moisture has 
been removed. The quantity of water may bo determined, either 
indirectly by the loss, or directly by collecting it in a calcium 
chloride tube, and weighing. In some cases, in which the loss on 
ignition does not give simply the proportion of combined water, it 
can be seen from the analysis to what else the loss is due ; and, 
after a proper deduction, the amount of water can be estimated. 
For example, i gram of crystallised iron sulphate was found to 
contain on analysis 0.2877 gram of sulphuric oxide ; and on ignit- 
ing another gram, 0.2877 gram of ferric oxide was left. As the 
salt is known to be made up of ferrous oxide, sulphuric oxide, and 
combined water, the combined water can be thus calculated : 
0.2877 gram of ferric oxide is equal to 0.2589 gram of ferrous 
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oxide,* and consequently, the loss on ignition has been diminished 
by 0.0288 gram, which is the weight of oxygen absorbed by the 
ferrous oxide during calcining. The loss on ignition was 0.7123 
gram, to which must be added 0.0288 gram ; hence 0.741 1 gram is 
the weight of the combined sulphuric oxide and water present. 
Deducting the weight of sulphuric oxide found, 0.2877 gram, 
there is left for combined water 0.4534 gram. The composition of 
I gram of the dry salt is then : — 

Water o»4S34 

Sulphuric oxide . . . 0.2877 
Ferrous oxide .... 0.2589 



The following is another example : — A sample of malachite lost 
on ignition 28.47 P®^ cent., leaving a residue which was found on 
analysis to be made up of oxide of copper (equal to 70.16 per cent, 
on the mineral), and silica and oxide of iron (equal to 1.37 per 
cent.). Carbon dioxide and water (but nothing else) was found 
to be present, and the carbon dioxide amounted to 19.64 per cent. ; 
deducting this from the loss on ignition, we have 8.82 as the per- 
centage of water present. The analysis was then reported as 
follows : — 



Cupric oxide 
Silica and ferric oxide 
Carbon dioxide . 
Water 



70.16 equal to 56.0 7o copper. 

1.37 • 
19.64 
8.82 



99-99 

Direct Determination of Combined Water. — Transfer 
about 3 grams of the substance to a piece of combustion tube (8 




Fig. 63. 

or 10 inches long), attached (as in fig. 63) at one end to a U-tube 
containing sulphuric acid, and at the other end to a calcium 

♦ FcgO, : 2FeO :: 0.2877 : 0.2589. 
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chloride tube. The last is weighed previous to the determination* 
The tube should be warmed to ensure complete dryness, and must 
be free from a misty appearance. Aspirate a current of air 
through the apparatus, heat the mineral by means of a Bunsen 
burner, cautiously at first, and afterwards to redness (if neces- 
sary). The water is driven off and condenses in the calcium chlo- 
ride tube, which is afterwards cooled and weighed. The increase 
in weight is due to the water. If the substance gives off add 
products on heating, it is previously mixed with some dry oxide 
of lead or pure calcined magnesia. 

EXAMINATION OP WATEBS. 

The assayer is occasionally called on to test water for the pur- 
pose of ascertaining the nature and quantity of the salts contained, 
in it, and whether it is or is not fit for technical and drinking 
purposes. 

In mineral districts the water is generally of exceptional charac- 
ter, being more or less charged, not only with earthy salts, but 
also frequently with those of the metals. Distilled water is only 
used by assayers in certain exceptional cases, so that by many it 
would be classed among the rarer oxides. Water of ordinary 
purity will do for most purposes, but the nature and quantity of 
the impurities must be known. 

The following determinations are of chief importance : — 

Total Solids at 100° C. — ^Where simply the amount is re- 
quired, take I GO c.c. and evaporate on the water-bath in a weighed 
dish ; then dry in the water-oven, and weigh. 

Total Solider Ignited.— The above residue is very gently 
ignited (keeping the heat well below redness), and again weighed. 
A larger loss than 4 or 5 parts per 100,000 on the water requires . 
an explanation. 

Chlorine. — Take 100 c.c. of the water in a porcelain dish, add 
2 c.c. of a 5 per cent, solution of neutral potassic chromate, and 
titrate with a neutral standard solution of nitrate of silver, made 
by dissolving 4.789 grams of crystallised silver nitrate in distilled 
water, and diluting to i litre. The addition of the nitrate of 
silver is continued until the yellow of the solution assumes a 
reddish tint. The reaction is very sharp. Each c.c. of nitrate of 
silver used is equal to i part by weight of chlorine in 100,000 of 
water. At inland places this rarely amounts to more than i in 
100,000; but near the sea it may amount to 3 or 5. More than 
this requires explanation, and generally indicates sewage pollution. 

Nitric Pentoxide (N,Oj. — It is more generally reported 
under the heading, "nitrogen as nitrates." Take 250 c.c. of the = 
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water and evaporate to 2 or 3 c.c. ; acidulate with a few drops of 
dilute sulphuric acid, and transfer to a nitrometer (using strong 
sulphuric acid to wash in the last traces). The sulphuric add 
must be added to at least twice the bulk of the liquid. Shake up 
with mercury. The mercury rapidly flours, and nitric oxide is 
given off (if any nitrate is present). The volume of the nitric 
oxide (corrected to normal temperature and pressure), multiplied 
^y 0.25, gives the parts of nitrogen per 100,000 ; or, multiplied by 
0.965, will give the nitric pentoxide in parts per 100,000. In 
well and spring waters the nitrogen may amount to 0.3 or 0.4 parts 
per 100,000; or in richly cultivated district43 0.7 or 0.8 parts per 
100,000. An excess of nitrates is a suspicious feature, and is 
generally due to previous contamination. 

Ammonia. — Take 500 c.c. of the water and place them in a 
retort connected with a Liebig*s condenser. Add a drop or two 
of a solution of carbonate of soda and distil over 100 c.c. ; collect 
another 50 c.c. separately. Determine the ammonia in the 
distillate colorimetrically (with Nessler's solution, as described 
under Ammonia) and compare with a standard solution of ammonic 
chloride containing 0.0315 gram of ammonic chloride in i litre of 
water. One c.c. contains 0.0 1 milhgram of ammonia. The second 
distillate will show little, if any, ammonia in ordinary cases. The 
amounts found in both distillates are added together, and ex- 
pressed in parts per 100,000. 

Waters (other than rain and tank waters) which contain more 
than 0.003 P®^ 100,000 are suspicious. 

Organic Matter. — The organic matter cannot be determined 
directly ; but for ordinary purposes it may be measured by the 
amount of permanganate of potassium which it reduces, or by the 
amount of ammonia which it evolves on boiling with an alkaline 
permanganate of potassium solution. 

A. Albtmiinoid Ammonia, — To the residue left after distilling 
the ammonia add 50 c.c. of a solution made by dissolving 200 
grams of potash and 8 grams of potassium permanganate in 
1 100 c.c. of water, and rapidly boiling till the volume is reduced 
to I litre (this should be kept in a well stoppered bottle, and be 
occasionally tested to see that it is free from ammonia). Continue 
the distillation, collecting 50 c.c. at a time, until the distillate is 
free from ammonia. Three or four fractions are generally suffi- 
cient. Determine the ammonia colorimetrically as before. If 
the total albuminoid ammonia does not exceed 0.005 ^^ 100,000, 
the water may be regarded as clean as regards organic matter ; if 
it amounts to more than 0.015, ^^ ^^ dirty. 

B. Oocygen Consumed. — A standard solution of permanganate 
of potash is made by dissolving 0.395 gi^^^ of the salt in water 
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and diluting to i litre. Each c.c. equals o.i milligram of avail- 
able oxygen. The following are also required : — i. A solution of 
sodium hyposulphite containing i gram of the salt (Na^SjOj-sHjO) 
in I litre of water. 2. Dilute sulphuric add, made by adding one 
part of the acid to three of water, and titrating with the perman- 
ganate solution till a faint pink persists after warming for several 
hours. 3. Starch paste. 4. Potassium iodide solution. 

Take 250 c.c. of the water in a stoppered bottle, add 10 c.c. of 
sulphuric acid and 10 c.c. of the permanganate^ and allow to stand 
in a warm place for four hours. Then add a few drops of the 
solution of potassium iodide, and titrate the liberated iodine with 
" hypo," using starch paste towards the end as an indicator. To 
standardise the hyposulphite, take 250 c.c. of water and 10 c.c. of 
sulphuric acid, and a few drops of potassium iodide ; then run in 
10 c.c. of the '' permanganate " solution, and again titrate ; about 
30 c.c. of the " hypo " will be used. The difference in the two 
titrations, divided by the last and multiplied by 10, will give the 
c.c. of permanganate solution used in oxidising the organic matter 
in the 250 c.c. of water. Each c.c. represents 0.04 parts of 
oxygen in 100,000. 

Metals. — These may for the most part be estimated colorime- 
trically. 

Lead. — Take 100 c.c. of the water in a Nessler tube, and add 
10 c.c. of sulphuretted hydrogen water, and compare the tint, if 
any, against a standard lead solution, as described under Colori- 
metric Lead. Keport in paits per 100,000. 

Copper. — Proceed as with the last-mentioned metal; but, if 
lead is also present, boil down 500 c.c. to about 50 c.c, then add 
ammonia, filter, and estimate the copper in the blue solution, as 
described under Colorimetric Copper. 

Iron. — Take 50 c.c, or a smaller quantity (if necessary), dilute 
up to the mark with distilled water, and determine with potassium, 
sulphocyanate, as described under Colorimetric Iron. 

Zinc. — Zinc is the only other metal likely to be present ; and, 
since it cannot be determined colorimetrically, it must be separately 
estimated during the examination of the ^' total solids." 

Examination of '< Total Solids." — Evaporate 500 c.c. to 
dryness with a drop or two of hydrochloric acid. Take up with 
hydrochloric acid, filter, ignite, and weigh the residue as " silica." 
To the filtrate add a little ammonic chloride and ammonia, boil 
and filter, ignite, and weigh the precipitate as "oxide of iron 
and alumina." Collect the filtrate in a small flask, add a few drops 
of ammonium sulphide or pass sulphuretted hydrogen, cork the 
flask, and allow to stand overnight ; filter, wash, and determine 
the zinc gravimetrically as oxide of zinc. If copper or lead were 
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present, they should have been previously removed with sulphu- 
retted hydrogen in the acid solution. To the filtrate add amnionic 
oxalate and ammonia, filter, and boil for some time, allow to stand, 
filter, wash, ignite, and weigh as " lime." Evaporate the filtrate 
with nitric acid, and ignite. Take up with a few drops of dilute 
hydrochloric acid, add baric hydrate in excess, evaporate, and 
extract with water. The residue contains the magnesia ; boil with 
dilute sulphuric acid, filter, precipitate it with phosphate of soda 
and ammonia, and weigh as pyrophosphate. The aqueous extract 
contains the alkalies with the excess of barium. Add sulphuric 
acid in slight excess, filter, evaporate, and ignite strongly. The 
residue consists of the sulphates of the alkalies (which are 
separately determined, as described under Potash). 

Sulphuric Oxide (SO3). — Take 200 c.c. and boil to a small 
bulk with a little hydrochloric acid, filter (if necessary), add baric 
chloride solution in slight excess to the hot solution, filter, ignite, 
and weigh as baric sulphate. 

Carbon Dioxide (fr^e). — Carbon dioxide exists in waters in 
two forms, free and combined. The latter generally occurs as 
bicarbonate, although on analysis it is more convenient to consider 
it as carbonate, and to count the excess of carbon dioxide with 
the free. The method is as follows : — To determine the free 
carbon dioxide, take 100 c.c. of the water, place them in a flask 
with 3 c.c. of a strong solution of calcium chloride and 2 c.c. of a 
solution of ammonic chloride, next add 50 c.c. of lime-water. The 
strength of the lime-water must be known. Make up to 200 c.c. 
with distilled water, stop the flask, and allow the precipitate to 
settle. Take out 100 c.c. of the clear solution with a pipette, and 
titrate with the standard solution of acid.* The number of c.c. 
required, multiplied by two, and deducted from that required for 
the 50 c.c. of lime-water, and then multiplied by 0.0045, will give 
the carbon dioxide present other than as normal carbonates. 

Carbon Dioxide combined as normal carbonate. — 100 c.c. of 
the water are tinted with phenacetolin or lacmoid ; then heated 
to near boiling, and titrated with standard acid. The number of 
c.c. used, multiplied by 0.0045, ^^^ S^^^ *^® weight in grams of 
the combined carbon dioxide. 

Free Acid. — In some waters (especially those from mining 
districts) there will be no carbonates. On the contrary, there 
may be free mineral acid or acid salts. In these cases it is 
necessary to determine the amount of acid (other than carbon 
dioxide) present in excess of that required to form normal salts. 
This is done in the following way : — Make an ammoniacal copper 

* 100 c.c. contain i gram of sulphuric acid. 
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solution by taking 13 grams of copper sulphate (CuS0^.5H,0), 
dissolving in water, adding solution of ammonia until the precipi- 
tate first formed has nearly dissolved, and diluting to i litre. 
Allow to settle, and decant off the clear liquid. The strength of 
this solution is determined by titrating against 10 or 20 cc.of the 
standard solution of sulphuric acid (100 c.c. = i gram H,SO^). 
The finishing point is reached as soon as the solution becomes 
turbid from precipitated cupric hydrate. At first, as each drop 
falls into the acid solution, the ammonia and cupric hydrate com- 
bine with the free acid to form ammonic and cupric sulphates ; but 
as soon as the free acid is used up, the ammonia in the next drop 
not only precipitates an equivalent of cupric hydrate from the 
solution, but also throws down that carried by itself. This method 
is applicable in the presence of metallic sulphates other than ferric. 
The standardising and titration should be made under the same 
conditions. Since sulphuric acid and sulphates are predominant 
in waters of this kind, it is most convenient to report the acidity 
of the water as equivalent to so much sulphuric acid. 

Dissolved Oxygen. — For the gasometric method of analysing 
for dissolved oxygen, and for the SchUtzenberger's volumetric 
method, the student is referred to Sutton's " Volumetric Analysis." 
The following is an easy method of estimating the free oxygen in 
ft water: — Tsie 20 c.c. of a stannous chloride solution (about 20 
grams of the salt with 10 c.c. of hydrochloric acid to the litre); 
add 10 c.c. of hydrochloric acid, and titrate in an atmosphere of 
carbon dioxide with standard permanganate of potassium solution 
(made by dissolving 1.975 gram of the salt in i litre of water ; i c.c. 
equals 0.5 milligram of oxygen). A similar titration is made with 
the addition of 100 c.c. of the water to be tested. Less will be re- 
quired in the second titration, according to the amount of oxygen 
in the water; and the difference, multiplied by 0.5, will give the 
weight of the oxygen in milligrams. Small quantities of nitrates 
do not interfere. 

In BEPOBTiNG the results of the analysis, it is customary to 
combine the acids and bases found on some such principle as the 
, following : — The sulphuric oxide is calculated as combined with 
the potash, and reported as potassic sulphate (K^SO^) ; the balance 
of the sulphuric oxide is then apportioned to the soda, and 
reported as sulphate of soda (Na,SO^) ; if any is still left, it is 
reported as calcium sulphate (CaSO^), and after that as magnesic 
sulphate (MgSOJ. When the sulphuric oxide has been satisfied, 
the chloiine is distributed, taking the bases in the same order, 
then the nitric pentoxide, and lastly the carbon dioxide. But 
any method for thus combining the bases and acids must be 
arbitrary and inaccurate. It is extremely improbable that any 
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simple statement can represent the manner in which the bases 
and acids are distributed whilst in solution ; and, since different 
chemists are not agreed as to any one system, it is better to give 
up the attempt, and simply state the results of the analysis. This 
has only one inconvenience. The bases are represented as oxides ; 
and, since some of them are present as chlorides, the sum total of 
the analysis will be in excess of the actual amount present by the 
weight of the oxygen equivalent to the chlorine present as 
chloride. The following is an example of such a statement : — 

Purts per xoo,ooo. 

Total solids, dried at 100° C 28.73 

Chlorine . .1.70 

Nitrogen as nitrate 0.03 

Ammonia 0.001 

AlDuminoid ammonia 0.004 

" Oxygen consamed " in 4 hours . . . .0.01 

The solids were made up as under : — 

Pet 100,000 of the Water. 

Potash 0.38 

Soda 2.01 

Magnesia 1.44 

Lime ^ io-55 

Ferric oxide o.oi 

Silica i 0.30 

Sulphuric oxide 3.69 

Nitrogen pentoxide o. 1 1 

Carbon dioxide 8.38 

Chlorine 1.70 

Volatile and organic matter 0.66 

29.23 
Less oxygen equivalent to chlorine found . . 0.39 

28.84 

For the preparation of distilled water, the apparatus shown in 
fig. 64 is convenient for laboratory 

use. It consists of a copper retort C^^ V7 

ieated by a ring gas-burner, and con- /~\^^^^^ ^ | f 

nected with a worm-condenser. 

PRACTICAL EXERCISE. 

A mineral, on analysis, gave the following 
Jesuits : — Water, 44.94 per cent. ; sulphuric 
oxide, 28.72 percent. ; ferrous iron, 13.92 
per cent. ; ferric iron, 0.35 per cent. ; ■*■' ^®- "4- 

<jopper, 6.1 per cent. The mineral was 

soluble in water, and showed nothing else on testing. How would you 
report the analysis ? Calculate the formula for the salt. 
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THE HALOGENS. 

There is a group of closely allied elements to which the name 
halogen (salt-producer) has been given. It comprises chlorine, 
bromine, iodine, and fluorine. These elements combine directly 
with metals, forming as many series of salts (chlorides, bromides, 
iodides, and fluorides), corresponding to the respective oxides, but 
differing in their formulae by having two atoms of the halogen in 
the place of one atom of oxygen. For example, ferrous oxide is 
FeO and ferrous chloride is FeCl,, and, again, ferric oxide is 
FCjOj, whilst ferric chloride is Fe,Clg. These salts differ from the 
carbonates, nitrates, &c., in containing no oxygen. Consequently, 
it is incorrect to speak of such compounds as chloride of potash, 
fluoride of lime, ifec., since potash and lime are oxides. It is im- 
portant to bear this in mind in reporting analyses in which deter- 
minations have been made, say, of chlorine, magnesia, and potash, 
or of fluorine, silica, and alumina. It is necessary in aU such 
cases to deduct from the total an amount of oxygen equivalent to 
the halogen found, except, of course, where the base has been de- 
termined and recorded as metal. Compoimds containing oxides 
and fluorides, &c., do not lend themselves to the method of deter- 
mining the halogen by difference. For example, topaz, which, 
according to Dana, has the formula Al,SiO^F,, would yield in 
the ordinary course of analysis — 

Alumina 55-4 7o 

Silica 32.6 

Fluorine 20.6 



108.6 



The oxygen equivalent to 20.6 per cent, fluorine may be 
found by multiplying the percentage of fluorine by 0.421 ; it is 
8.7 per cent., and must be deducted. The analysis would then be 
reported thus : — 

Alumina 55*4 7© 

Silica 32.6 

Fluorine 20.6 



108.6 
Less oxygen equivalent to fluorine . . .8.7 



99.9 



Take as an illustration the following actual analysis by F. W. 
Clarke and J. S. Diller :— 
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Alumina 57-38'*/o 

Silica 31*92 

Fluorine 16.99 

Potash 0.15 

Soda 1.33 

Water 0.20 

107.97 
Deduct oxygen equivalent 7. 16 

100.81 

In calculating the factor for the " oxygen equivalent," divide 
the weight of one atom of oxygen (16) by the weight of two 
atoms of the halogen ; for example, with chlorine it would be 
?f or 0.2253 ; with bromine, yV^y, or o.iooo; with iodine, -^^^, 
or 0.063 y *^^ ^^^^ fluorine, ^|, or 0.421. 



CHLOKINE AND CHLORIDES. 

Chlorine occurs in nature chiefly combined with sodium, as 
halite or rock salt (NaCl). With potassium it forms sylvine 
(KCl), and, together with magnesium, carnallite (KCl,MgCl,.6H,0). 
Of the metalliferous mineials containing chlorine, kerargyrite, 
or horn silver (AgCl), and atacamite, an oxychloride of copper 
(CuCl,.3Cu(H0),.) are the most important. Apatite (phosphate 
of lime) and pyromorphite (phosphate of lead) contain a consider- 
able amount of it. Chlorine is a gas of a greenish colour, possess- 
ing a characteristic odour, and moderately soluble in water. It 
does not occur native, and is generally prepared by the action of 
an oxidising agent on hydrochloric acid. It combines directly 
with metals at the ordinary temperature (even with platinum 
and gold), forming chlorides, which (except in the case of silver) 
are soluble. 

It is important in metallurgy, because of the extensive use of it 
in extracting gold by '' chloridising " processes. It is also used 
in reflning gold. 

Detection. — Compounds containing the oxides of chlorine are 
not found in nature, because of the readiness with which they lose 
oxygen. By reduction they yield a chloride ; the form in which 
chlorine is met with in minerals. In testing, the compound sup- 
posed to contcdn a chloride is boiled with water, or, in some cases, 
dilute nitric acid. To the clear solution containing nitric add a 
few drops of nitrate of silver solution are added. If, on shaking, 
a white curdy precipitate, soluble in ammonia, separates out, it is 
sufficiently satisfactory evidence of the presence of chlorides. 
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Solution and Separation. — The chlorides are generally 
soluble in water, and are got into solution by extracting with 
warm dilute nitric add. Or, if insoluble, the substance is fused 
with carbonate of soda, extracted with water, and the filtrate 
acidified with nitric acid. For the determination, it is not neces- 
sary to obtain the solution of the chloride free from other acids or 
metals. If tin, antimony, mercury, or platinum is present, it is 
best to separate by means of sulphuretted hydrogen. The chloride 
is determined in the solution after removal of the excess of the 
gas. Where traces of chlorides are being looked for, a blank ex- 
periment is made to determine the quantity introduced with the 
reagents. One hundred c.c. of ordinary water contains from 
I to 3 milligrams of chlorine. On the addition of nitrate of 
silver to the nitric acid solution, chloride of silver separates out. 
This is free from other substances, except, perhaps, bromide and 
iodide. 

GBAVIMETBIC DETERMINATION. 

Freely mix the solution containing the chloride with dilute nitric 
acid, filter (if necessary), and treat with nitrate of silver. Heat 
nearly to boiling, and, when the precipitate has settled, filter, and 
wash with hot distilled water. Dry, and transfer to a weighed 
Berlin crucible. Bum the filter-paper sepai-ately, and convert any 
reduced silver into chloride by alternate treatment with drops 
of nitric and of hydrochloric acid. Add the main portion to 
this, and heat cautiously till the edges of the mass show signs of 
fusing (about 260°). Cool in the desiccator and weigh. The 
substance is chloride of silver (AgCl), and contains 24.73 V^^ 
cent, of chlorine. 

The precipitated chloride is filtered and washed as soon as pos- 
sible after settling, since on exposure to light it becomes purple, 
and loses a small amount of chlorine. 



VOLXJMETBIC METHOD. 

There are several volumetric methods ; but that based on the 
precipitation of silver chloride in neutral solution, by means of a 
standard solution of silver nitrate (using potassium chromate as 
indicator), is preferred. Silver chromate is a red-coloured salt ; 
and, when silver nitrate is added to a solution containing both 
chloride and chromate, the development of the red colour marks 
oft' sharply the point at which the chloride is used up. Silver 
chromate is decomposed and consequently decolorised by solution 
of any chloride. The solution for this method must be neutral. 
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since free acid prevents the formation of the red silver chromate. 
If not already neutral, it is neutralised by titrating cautiously 
with a solution of soda. In a neutral solution, other substances 
(such as phosphates and arsenates) also yield a precipitate with 
a solution of nitrate of sQver ; and will count as chloride if they 
are not removed. 

The Standard Solution of Nitrate of Silver is made by dis- 
solving 23.94 grams of the salt (AgNOj) in distilled water, and 
diluting to i litre ; 100 c.c. are equal to 0.5 gram of chlorine. 

The indicator is made by adding silver nitrate to a strong 
neutral solution of yellow chromate of potash (K,CrO^), till a 
permanent red precipitate is formed. The solution is allowed to 
settle, and the clear liquid decanted into a stoppered bottle 
labelled " chromate indicator for chlorine." 

Standardise the silver nitrate by weighing up 0.5 gram of pure 
sodium chloride (or potassium chloride). Transfer to a flask and 
dissolve in distilled water; dilute to 100 c.c. Fill an ordinary 
burette with the standard silver solution, and (after adjusting) 
run into the flask a quantity suflicient to throw down the greater 
part of the chlorine. Add a few drops of the chromate indicator 
and continue the addition of the silver nitrate until the yellow 
colour of the solution becomes permanently tinted red, after 
shaking. This shows that the chlorine is all precipitated, and 
that the chromate is beginning to come down. The further 
addition of a couple of drops of the silver solution will cause a 
marked difference in the tint. Bead off" the quantity run in, and 
calculate the standard. One gram of sodium chloride contains 
0.6062 gram of chlorine ; and i gram of potassium chloride con- 
tains 0.4754 gram. 

For the determination of small quantities of chloride (a few 
milligrams), the same method is used ; but the standard solution 
is diluted so that each c.c. is equal to i milligram of chlorine ; 
and the chromate indicator is added before titrating. The 
standard solution is made by measuring off" 200 c.c. of the solu- 
tion described above, and diluting with distilled water to i litre. 



BROMINE AND BROMIDES. 

Bromine closely resembles chlorine in the nature of its com- 
pounds. It does not occur free in nature, but is occasionally 
found in combination with silver as bromargyrite (AgBr) and, 
together with chloride, in embolite. It mainly occurs as alkaline 
bromides in certain natural waters. Nearly all the bromine of 
commerce is derived from the mother liquors of salt-works — i.e., 
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the liquors from which the common salt has been crystallised out. 
Bromine combines directly with the metals, forming a series of 
salts — the bromides. In ordinary work they are separated with, 
and (except when specially tested for) counted as, chlorides. 
They are detected by adding chlorine water to the suspected 
solution and shaking up with carbon bisulphide. Bromine 
colours the latter brown. 

IODINE AND IODIDES. 

Iodine does not occur in nature in the free state ; and iodides 
are rare, iodargyrite or iodide of silver (Agl) being the only 
one which ranks as a mineral species. lodates are found associated 
with Chili saltpetre, which is an important source of the element. 

Iodine and Iodides are' largely used in the laboratory, and have 
already been frequently referred to. It is used as an oxidising 
agent in a similar manner as permanganate and bichromate of 
potash, especially in the determinations of copper, arsenic, anti- 
mony, and manganese. 

Iodine is not readily soluble in water ; but dissolves easily in 
a concentrated solution of potassium iodide. Its solutions are 
strongly coloured ; a drop of a dilute solution colours a large 
volume of water decidedly yellow ; on the addition of starch paste, 
this becomes blue. The delicacy of this reaction is taken advan- 
tage of in titrations to determine when free iodine is present. 
The blue colour may be alternately developed and removed by 
the addition of iodine (or an oxidising agent) and hyposulphite of 
soda (or some other reducing agent). In decolorising, the solution 
changes from blue or black to colourless or pale yellow according 
to circumstances. Sometimes the solution, instead of remaining 
colourless, gradually develops a blue which recurs in spite of the 
further addition of the reducing agent. In these cases the 
conditions of the assay have been departed from, or (and this is 
more often the case) there is some substance present capable of 
liberating iodine. 

Iodine forms a series of salts — ^the iodides — resembling in many 
respects the chlorides. These can bo obtained by direct com- 
bination of the metals with iodine. 

Detection. — Free iodine is best recognised by the violet vapours 
evolved from the solution on heating, and by the blue or black 
colour which it strikes on the addition of starch paste. Iodides 
are detected by boiling with strong solutions of ferric sulphate or 
chloride. Iodine is liberated, distilled over, and collected. 
Chlorine also liberates iodine from iodides ; and this reaction is 
frequently made use of in assaying. A process based on this is 
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described under Manganese, All substances which liberate chlorine 
on boiling with hydrochloric acid (dioxides, bichromates, per- 
manganates, &c.) are determined in a similar way. 

Solution and Separation. — Most iodides are soluble in water 
or dilute acids. The sepai'ation is effected by distilling the sub- 
stance with solution of ferric sulphate, and collecting the vapour 
in a dilute solution of sulphurous acid or arsenite of soda. On the 
completion of the distillation, the iodine will be in the distillate as 
iodide ; and the gravimetric determination is made on this. 



GBAVIMETBIC DETEBMINATION. 

To the solution containing the iodine, as iodide, and which is 
free from chlorides (and bromides), add a little dilute nitric acid 
and nitrate of silver till no further precipitate is produced. Filter 
off, wash with hot water, and dry. Clean the filter-paper as much 
as possible, and bum it. Collect the ash in a weighed porcelain 
crucible, add the main portion, and heat to incipient fusion ; cool, 
and weigh. The substcuice is silver iodide, and contains 54.03 per 
cent, of iodine. 

VOLUMETRIC METHOD. 

This is for the titration of free iodine, and is practically that 
which is described under Manganese, The substance to be deter- 
mined is distilled with ferric sulphate, and the iodine is collected 
in a solution of potassium iodide, in which it readily dissolves. If 
flaky crystals separate out in the receiver, more potassium iodide 
crystals are added. When the distillation is finished, the receiver 
is disconnected, and its contents washed out into a beaker and 
titrated with " hypo." The standard solution of " hypo " is made 
by dissolving 19.58 grams of hyposulphite of soda (Na,S,0j.5H,0) 
in water and diluting to i litre; 100 c.c. are equal to i gram of 
iodine. To standardise the solution, weigh up 0.25 gram of pure 
iodine in a small beaker. Add 2 or 3 crystals of potassium iodide ; 
cover with water; and, when dissolved, dilute to 50 or 100 c.c. 
Titrate, and calculate the standard. 

FLUORINE AND FLUORIDES. 

Fluorine is frequently met with as calcium fluoride or fluor-spar 
(CaF,). It occurs less abundantly as cryolite (NagAlFg), a fluoride 
of aluminium and sodium, which is used in glass-making. Certain 
other rarer fluorides are occasionally met with. Fluorine is also 
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found in apatite, and in some silicates, such as topaz, tourmaline, 
micas, &c. 

Hydrofluoric acid is used for etching glass and opening up 
silicates. It attacks silica, forming fluoride of silicon (SiF^), 
which is volatile. Silica is by this means eliminated from other 
oxides, which, in the presence of sulphuric acid, are fixed. The 
commercial acid is seldom pure, and generally weak ; and the acid 
itself is dangerously obnoxious. The use of ammonium fluoride 
(or sodium fluoride) and a mineral acid is more convenient. Deter- 
minations of this kind are made in platinum dishes enclosed in 
lead or copper vessels in a well-ventUated place. Fluor-spar is 
useful as a flux in dry assaying ; it renders slags, which would 
otherwise be pasty, quite fluid. Fluorides generally are fusible, 
and impart fusibility to substances with which they form weak 
compounds. Their fluxing action does not depend on the removal 
of sUicon as fluoride. 

Deteotion. — Fluorides in small quantity are easily overlooked 
unless specially sought for. In larger amounts they are recog- 
nised by the property hydrofluoric acid has of etching glass. A 
watch-glass is warmed, and a layer of wax is melted over the 
convex side. When cold, some lines are engraved on the waxed 
surface with any sharp-pointed instrument. The substance to be 
tested is powdered ; and moistened, in a platinum dish, with sul- 
phuric acid. The watch-glass is filled with cold water and sup- 
ported over the dish. The dish is then carefully warmed, but not 
sufficiently to melt the wax. After a mihute or two, the glass is 
taken ofl*, and the wax removed. If the substance contained 
fluorine, the characters will be found permanently etched on the 
glass. An equally good, but more rapid, test is to mix the 
powdered substance with some silica, and to heat the mixture in 
a test tube with sulphuric acid. Silicon fluoride is evolved, and, 
if a moistened glass rod is held in the tube, it becomes coated with 
a white deposit of silica, formed by the decomposition of the 
silicon fluoride by the water. This is also used as a test for 
silica; but in this case the substance is mixed with a fluoride, 
and the experiment must obviously be carried out in a platinum 
vessel. 

Separation and Determination. — ^The determination of 
fluorine is difficult. In the case of fluorides free from silicates 
(such as fluor-spar), it is determined indirectly by decomposing a 
weighed portion with sulphuric acid, evaporating, igniting, and 
weighing the residual sulphate. The increase in weight multiplied 
by 0.655 gives the weight of fluorine. 

In the presence of silica this method does not answer, because 
of the volatilisation of siHcon fluoride. In these cases Wohler 
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adopted the following plan, which resembles that for the indirect 
determination of carbon dioxide. Mix the weighed substance in 
a small flask with powdered silica and sulphuric acid. The mouth 
of the flask is closed with a cork carrying a tube which is filled, 
the first half with calcium chloride and the second half with 
pumice coated with dried copper sulphate. The apparatus is 
weighed quickly, and then warmed till decomposition is complete. 
A current of dry air is aspirated for a minute or two ; and the 
apparatus again weighed. The loss in weight gives that of the 
silicon fluoride (SiF^), which, multiplied by 0.7307, gives the 
weight of fluorine. 

IVesenius uses the same reaction ; but collects and weighs the 
silicon fluoride. The finely powdered and dried substance is mixed 
with ten or fifteen times its weight of ignited and powdered silica. 
The mixture is introduced into a small dry flask connected on one 
side with a series of drpng-tubes, and on the other with an empty 
tube (to condense any sulphuric acid). To this last is joined a 
drying-tube containing chloride of calcium and anhydrous copper 
sulphate. This is directly connected with a series of three weighed 
tubes in which the fluoride of silicon is collected. The last of 
these is joined to another drying-tube. The first weighed tube 
contains pumice and cotton wool, moistened with water; the 
second tube contains soda-lime as well as (in the upper half of the 
second limb) fused calcium chloride between plugs of wool ; the 
third tube is filled half with soda-lime and half with fused calcium 
chloride. The distilKng-flask containing the substance mixed with 
silica is charged with 40 or 50 c.c. of sulphuric acid, and placed 
on the hot plate. Alongside it is placed a similar dry flask con- 
taining a thermometer, and the temperature in this is kept at 
1 50° or 160" C. A current of air is sent through the tubes during 
the operation, which takes from one to three hours for from 
0.1 to I gram of the substance. A correction is made by deducting 
0.00 1 gram for every hour the dried air has been passed through. 
The increase in weight of the three tubes gives the weight of the 
silicon fluoride. 

Penfield uses a similar arrangement, but passes his silicon 
fluoride into an alcoholic solution of potassium chloride. Silica 
and potassium silico-fluoride are precipitated, and hydrochloric 
acid is set free.* The acid thus liberated is titrated, with a stan- 
dard solution of alkali, in the alcoholic solution, and from the 
amount of free acid found the fluoiine is calculated. The weight 
of hydrochloric acid (HCl) found, multiplied by 1.562, gives the 
weight of the fluorine. With this method of working, fewer U -tubes 

* 3S:F^ + 4KCI + 2H,0 = 2K,SIF« + SiO^ + 4HCI. 

X 
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are required. The exit tube from the flask is bent so as to 
form a small V, which is kept cool in water ; this is directly con- 
nected with the U-tube containing the alcoholic solution of potas- 
sium chloride. The flask with the assay is heated for about two 
houi*s, and a current of dry air is aspirated throughout the deter- 
mination. Fluoride of silicon is a gas not easily condensed to a 
liquid ; but is immediately decomposed by water or moist air. 
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CHAPTER XVI. 
SULFHUB AND SXTLFHATES. 

Sulphur occurs native in volcanic districts, and is mined in Sicily, 
Italy, and California in considerable quantities. Combined with 
metals (sulphides), it is common in all mineral districts. Iron 
pyrites (FeS,) is the most abundant source of this element. 
Sulphates, such as gypsum, are fairly common, but have no value 
so far as the sulphur in them is concerned. In coal it exists as 
an impurity, occurring partly as a constituent of organic com- 
pounds. 

Sulphur, whether free or combined with metals, forms, on burn- 
ing, sulphurous oxide (SO,), which by the action of oxidising agents 
and water is converted into sulphuric acid. It forms two oxides, 
sulphurous (SOj) and sulphuric (SO3), which combine with bases 
to form sulphites and sulphates. Sulphites are of little importance 
to the assayer, and are converted into sulphates by the action of 
nitric acid and other oxidising agents. 

The native sulphides, when acted on with hydrochloric acid, give 
off sulphuretted hydrogen ; with nitric acid or aqua regia, sulphates 
are formed, and more or less sulphur separated. 

Sulphur is detected in sulphides by the irritating odour of 
•sulphurous oxide given off on roasting, by the evolution of sulphu- 
Tetted hydrogen when treated with hydrochloric acid, or by a 
*white precipitate of barium sulphate formed when barium chloride 
is added to the aqua regia solution. 

Dry Assay. — There is no method of general appHcation. Free 
•or native sulphur may be volatilised, condensed, and weighed, but 
ipyrites only gives up a portion of its sulphur when heated in a 
closed vessel, while most sulphides, and all sulphates, give up 
none at all. 

In the determination of sulphur in brimstone, 10 grams of the 
substance are taken, placed in a small porcelain dish, heated over 
a Bunsen burner in a well-ventilated place, and ignited. When 
the sulphur has been completely burnt off, the residue (which 
consists chiefly of sand) is collected and weighed. In a separate 
jportion the moisture and arsenic are determined ; the amounts of 
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these are deducted from the loss in the first experiment. The 
difference, multiplied by lo, gives the percentage of sulphur. 

WET METHODS. 

Solution. — All sulphates, excepting those of lead, barium^ 
strontium, and lime, are soluble in water or dilute acid. All 
sulphides, except cinnabar, are converted into sulphates by the 
action of nitric add at a gentle heat ; or, better, by the action of 
a mixture of three volumes of nitric acid and one volume of 
hydrochloric acid. This last attacks cinnabar as well. With most 
substances it is difficult to conveiii the whole of the sulphur into 
sulphuric a<;id. The sulphur separates out at first as a dark 
spongy mass, which (on continued treatment) changes to Kght- 
coloured flakes. When the solution becomes concentrated and 
the temperature rises sufficiently, the sulphur fuses into one or 
more honey-coloured globules which, owing to the small surface 
they oppose to the acid, are very slowly oxidised. It is not 
desirable to assist the formation of these globules ; therefore, the 
temperature is kept as low as possible, and strong nitric acid is 
used. When such globules form, it is best to allow the solution to 
cool, when the globules will solidify. They can then be filtered 
off and picked out from the insoluble residue, dried, weighed^ 
ignited, and again weighed, the loss being counted as sulphur^ 
With iron pyrites this difficulty seldom occurs. 

Metallic sulphides when fused with an excess of nitre are com- 
pletely oxidised. If the oi-e is rich in sulphur, some inert body 
(such as sodium chloride, or, better, sodium carbonate) is added to- 
dilute the action. With pure sulphur, the action is so energetic 
as to cause an explosion, so that care should be taken. With 
burnt ores (incompletely calcined pyrites), there is sufficient oxide- 
of iron present to prevent too rapid action. 

These fusions with nitre are best conducted in a platinum dish 
covered with a piece of platinum foil. The ore is ground with the- 
nitre to ensure complete mixing. The heat need not be excessive,, 
so that a single Bunsen burner placed beneath the dish will 
suffice ; if the bottom of the dish is seen to be red-hot, it is suJfi- 
cient. On cooling and extracting with water, the sulphur will 
pass into solution as potassium sulphate, which is then filtered off 
from the insoluble oxides of iron, copper, &c. The filtrate, after 
having been treated with a large excess of hydrochloric acid,. 
evaporated to dryness, and re-dissolved in water, is ready for the 
determination. 

Ijead sulphate may be dissolved by boiling with ammonium 
acetate. The insoluble sulphates of barium, strontium, and lime^ 
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are decomposed by fosmg with 4 or 5 times their weight of *' fusion 
mixture/' The alkaline sulphates are then dissolved out with 
water, and filtered off from the insoluble residue. The filtrate is 
rendered acid with hydrochloric acid. 

Separation. — The determination of the sulphuric acid in these 
solutions by precipitation with barium chlonde also serves as a 
separation ; but in hot acid solutions containing copper, and more 
especially iron-salts, the baric sulphate has a strong tendency to 
carry down amounts of those bodies, varying, no doubt, with the 
conditions of the precipitation. Boiling hydrochloric acid fails to 
completely extract them. Moreover, the use of hot concentrated 
hydrochloric acid causes a loss by dissolving barium sulphate. 
Nitric add and nitrates must be decomposed by prolonged boiling 
and evaporation with hydrochloric acid. The iron may be removed 
by adding a slight excess of ammonia to the faintly acid solution, 
filtering off, and washing the precipitated ferric hydrate with hot 
water. By slightly acidulating the filtrate with hydrochloric 
acid, it will be rendered ready for the determination. 

GBAVIMETBIC METHOD. 

This assay is one of those which strikingly shows the necessity 
of getting the assay solution under proper conditions, in order to 
obtain satisfactory results. The method has been repeatedly in- 
vestigated, and the conclusion arrived at, " that it can be correct 
only by accident." Yet there are many chemists who get good 
results, and place considerable faith in its accuracy. This can 
only be due to differences in the manner of working. It is gene- 
rally understood that nitric acid or nitrates must be absent ; and 
our experience fully confirms this. Precipitations in nitrate solu- 
tions are worthless, as the following experiments show. In each 
experiment the bulk of the solution was 150 c.c. The solutions 
contained 10 grams of nitre, were freely acid with hydrochloric 
acid, and were precipitated (while boiling) with slight excess of 
baric chloride. 



Sulphuric acid taken 


. 0.020 gram 0.050 gram 


0.1 00 gram 


„ found 


. 0.019- „ 0.047 »» 


0.098 „ 


taken 


. 0.500 „ 1.004 » 


I.OOO „ 


„ found 


. 0.526 „ 1. 126 „ 


1.126 „ 



All the precipitates were boiled with hydi:ochloiic acid, and 
thoroughly washed before weighing. The results of some other 
experiments on this subject are given under ** sulphur " in the 
** examination of commercial copper," page 167. 

The solution having been obtained free from nitrates and chlo- 
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rates (and containing but little free hydrochloric add), is largely 
diluted, heated to boiling, and precipitated with a moderate exce&s 
of a solution of chloride of bsuium (8 parts of the crystallized 
barium chloride are sufficient for i of sulphur). It is allowed to 
settle for half-an-hour, and then decanted through a filter. The 
precipitate is shaken up with boiling water, rendered slightly acid, 
filtered, washed, dried, ignited, and weighed. The ignited pre- 
cipitate, when pure, is white, and is not decomposed at a red heat ; 
it is barium sulphate (BaSO^),and contains 13.73 per cent, of sul- 
phur, or 34.33 per cent, of sulphuric oxide (SO,). 

Determination of Sulphur in Pyrites. — Weigh up half a 
gram of the dried and powdered sample, and treat with 10 c.c. of 
a mixture of 3 volumes of nitric acid and i volume of hydrochloric 
acid, occasionally heating. Evaporate to dryness, treat with 5 c.c. 
of hydrochloric acid, and again evaporate ; take up with i c.c. of 
hydrochloric acid and 100 c.c. of hot water, filter through a small 
filter, and wash. The residue may contain sulphates of lead, 
barium, or lime ; it must be separately examined, if the total sul- 
phur is wanted. The filtrate is heated, and rendered slightly 
alkaline with ammonia. Filter off the precipitated ferric hydrate 
through a quick filter, and wash with hot water. If necessary, 
evaporate the bulk to about 200 c.c, render faintly acid with 
hydrochloric acid, and add 20 c.c. of solution of barium chloride ; 
allow to stand for half-an-hour, and decant through a filter. 
Wash with hot water, dry, ignite, and weigh. Pure pyrites con- 
tains 53.33 per cent, of sulphur. 

VOLUMETRIC METHOD. 

This is based upon the easy conversion of all sulphur compounds 
into sulphates by fusion with nitre or by oxidation with nitric 
acid ; and on the determination of the sulphate formed by titra- 
tion in an acetic acid solution with baric chloride.* The finishing 
point is determined by filtering off portions of the assay solution, 
and testing with sulphuric acid. A slight excess of baric chloride 
will cause a precipitate. 

The process may be divided into — (i) the preparation of the 
solution, and (2) the titration. 

Preparation of the Solution. — ^Weigh up from i to 5 grams 
of the dried and powdered substance, and mix intimately with 
4 grams of powdered nitre ; clean out the mortar with another 
gram of nitre, and add this as a cover. Heat in a platinum, 
cmcible for fifteen minutes at a low temperature ; cool, and ex 

♦ BaCl, + Na,SO, = BaSO, + 2NaCl. 
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tract with water in an evaporating-dish about 9 inches across, and 
holding 700 or 800 c.c. Add 10 grams of sodium acetate and 
10 c.c. of acetic acid, and dilute to half a Ktre. Boil. The solu- 
tion is ready for titrating. Substances which lose sulphur on 
heating (such as pyrites) are thus treated : — ^Weigh up i gram^ 
and evaporate nearly to dryness with 10 c.c. each of nitric and 
hydrochloric acids. Take up with 10 cc. of hydrochloric acid, and 
again boil down to a small bulk ; dilute and transfer to a 9-inch 
evaporating-dish ; add 10 grams of sodium acetate and 5 c.c. of 
acetic add, dilute to half a litre, and boil. The solution is ready 
for titrating. Sulphates may be dissolved up in the dish itself 
with the help of a c.c. or so of hydrochloric acid ; sodium acetate 
and acetic acid are then added ; and, after dilution and boiling, 
the solutions are at once titrated. 

The solution before titration must contain no free mineral acid, 
but 5 or 10 c.c. of acetic acid should be present. It must contain 
10 grams of sodium acetate, or sufficient to convert any free 
mineral acid into its corresponding sodic salt ; or, if chlorides, 
nitrates or sulphates of the metals are present, sufficient to de- 
compose them. If a precipitation occurs, as is the case with 
ferric salts, &c., the solution is titrated with the precipitate in it. 

The Titration. — The standard solution of barium chloride 
is made by dissolving 76.25 grams of the crystallized salt. 
(BaCl,.2H,0) in distill^ water, and diluting to i Htre. 100 c.c. 
will equal i gram of sulphur. As indicator, use dilute sulphuric 
acid. 'The strength of the solution may be checked by the titra- 
tion of 5 grams of ferrous sulphate (oxidized with permanganate 
of potassium or a few drops of nitric acid), which should require 
57*5 C.C. of the barium chloride solution; or any pure sulphate 
of known composition can be used; anhydrous salts should be 
preferred. 

FOl an ordinary 100 c.c. burette with the solution of barium 
chloride. The evaporating-dish containing the assay solution is 
placed on a round burner (as shown in fig. 65), and the solution 

^'"'fcfeMxsiu-. ."j^Tj^yiiff^ 500 c.e» 



Fio. 65. 

itf kept steadily boiling. An ordinary Bunsen-bumer flame will 
cause bumping, and should not be used. Bun in the standard 
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solution in quantity known to be insufficient ; then withdraw a 
portion of about 2 c.c, with a pipette, and filter through a fine 
filter-paper into a test tube. Run in another 0.5 c.c. of the 
standard solution, and withdraw and filter into a test tube 
another portion of 2 cc; and continue this operation until half-a- 
dozen or more portions have been drawn ofl: The test tubes 
should be arranged in order in a stand resting on a piece of paper, 
so that each test tube representing 0.5 c.c. of the standard baric 
chloride may have its value recorded beneath it (fig. 66). Add to 
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Fig. 66. 

each test tube 3 drops of dilute sulphuric acid ; that which shows 
the first appearance of a precipitate marks the point at which the 
titration is complete. Suppose, for example, that the test tube 
marked 48.5 c.c. shows no precipitate, while that at 49.0 c.c. 
shows one, it is evident that the finishing point lies between these 
readings. With a Kttle practice, one can judge from the appear- ' 
ance of the precipitate in the 49 c.c. tube, whether ^ cc. shoiild 
be deducted or not. 

It is better to add dilute sulphuric acid, and to watch for the 
appearance of a precipitate in the test tube, than to add baric 
chloride and to look for its non-appearance ; besides, baric chlo- 
lide is much less likely to be present in a test tube as impurity 
than sulphates are. In this way the chance of error from what 
are termed *^ accidental causes " is diminished. 

The following experiments show the effect of variation in the 
conditions of titration : — 

Make a standard soltUion of sulphuric a^cid by diluting 43.65 
grams of sulphuric acid (sp. g. 1.6165) to i litre : 100 c.c. will 
contain i gram of sulphur. An equivalent solution may be 
made by dissolving 100.62 grams of sodium sulphate crystals 
(Na,SO^.ioH,0), or 86.88 grams of ferrous sulphate (FeSO^.yHjO), 
in water (oxidising the latter), and diluting to i litre. 

The onier in which these experiments are given is that in 
which they were made in an investigation into the conditions 
under which the titration could most accurately be effected. 

Effect of Hydroohlorio and Nitric Acids. — ^The titrations 
were performed in the manner already described, but sodic ace- 
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tate and acetic acid were absent. Twenty c.c. of the standard 
solution of sulphuric acid were used. 

Hydrochloric acid present 0.0 c.c. i.occ. 2.0 c.c. 5.0 c.c. 
** Baric chloride " required 20.0 „ 20.0 „ 19.7 „ 12.5 „ 

Nitric acid present . . 0.0 c.c. 1,0 c.c. 2.0 c.c. 5.0 c.c. 
" Baric chloride " required 20.0 „ 19.5 „ 18.0 „ 10.0 „ 

These show clearly the interference of free mineral acids, 
although very dilute hydrochloric acid (i c.c. in 500 of water) 
has no effect. 

Effect of Acetic and Citric Acids. — A similar series of 
experiments with these acids gave the following results : — 

Acetic acid present . . 0.0 c.c. 5.0 c.c. 50.0 c.c. 100.0 c.c. 
"Baric chloride "required 20.0 „ 20.0 „ 20.0 „ 20.0 „ 

Citric acid present . . . o gram i gram 5 grams 
'* Baric chloride " required . 20.0 c.c. 20.0 c.c. 20.0 c.c. 

These acids do not interfere. 

Effect of Sodic Acetate and Acetic Acid. — In each of 
these experiments 5 c.c of acetic acid was present. 

Sodium acetate added . o gram i gram 10 grams 50 grams 
"Baric chloride " required 20.0 c.c. 20.0 c.c. 20.0 c.c. 20.0 c.c. 

As sodic acetate and acetic acid did not interfere, it became 
desirable to make some experiments on the finishing point. The 
£rst object sought for was the smallest amount of the standard 
baric chloride in 500 c.c. of water, required to give an indication 
when tested in the manner already described. 

Conditions of Away Solution. ^"requlied!^^ 

Water only 0.05 c.c. 

With 10 grams of sodium acetate and 5 c.c. of 

acetic acid 0.05 ,, 

The same with 5 grams of nitre . . . . o. 10 „ 
Like the last^ but with 5 grams of salt instead of 

nitre 0.10 „ 

These show that as small an amount of baric chloride solution 
as is equal to only 0.000002 gram of sulphur in the 2 c.c. of solu- 
tion tested yields a decided precipitate on the addition of 3 drops 
of sulphuric acid. 

To determine whether the same finishing point is obtained 
on testing the filtered portions in the test tubes with banc 
chloride as is obtained on testing with sulphuric acid, a titra- 
tion was made with 20 c.c. of standard solution of sulphuric acid, 
together with the usual quantities of sodic acetate and acetic 



330 TEXT-BOOK OF ASSAYING. 

acid ; and two lots of 2 c.c, each were filtered into two sets of 
test tubes after each addition of the standard baric chloride. To 
one series 3 drops of baric chloride solution were added, and to 
the other 3 drops of sulphuric acid. The results were — 



Baric Chloride" 


added. 


With Dilute 
Salphuric Acid.. 


With Baric 
Chloride Solation. 


19.5 C.C. 




Clear 


Cloudy 


19.75 » 




Clear 


Cloudy 


20.0 „ 




Finished 


Finished 


20.25 n 




Cloudy 


Clear 


205 „ 




Cloudy 


Clear 



The two methods of testing give the same result. But this 
balance is disturbed in the presence of much nitre, the indica- 
tions with baric chloride being disturbed by an opalescence for 
some c.c. beyond the finishing point. In solutions containing 
free hydrochloric or nitric acid, a precipitate is obtained with 
either baric chloride or sulphuric acid. 

Effect of Varying Sulphur. — In these and the subsequent 
experiments the titrations were performed in the presence of 
10 grams of sodic acetate and 10 c.c. of acetic acid in the manner 
already described. 

Standard sulphuric 

acid used . . 5.0 c.c. 10.0 c.c. 20.0 c.c. 50.0 c.c. loo.o c.c. 
" Baric chloride " 

required . • 5.0 „ lo.o „ 20.0 „ 50.0 „ 100.0 „ 

Effect of Varying Temperature. — With 5 c.c. of stiindaixl 
sulphuric acid titrated at 15° C, 5 c.c. of baric chloride were 
required ; but with larger quantities the results were altogether 
unsatisfactory when titrated cold. 

Effect Of Varying Bulk. — 

Bulk . . . loao c.c. 200.0 c.c. 500.0 c.c. 1000.0 c.c. 
" Baric chloride '* 
required . . 20.0 „ 20.0 „ 20.0 ,, 20.5 „ 

Considerable variation in bulk has no effect, but 500 c.c. is the 
most convenient volume to work with. It is well to occasionally 
replace the water boiled off during titration. 

Effect of Foreign Salts. — In all these experiments 20 c.c. 
of " sulphuric acid " were used^ and the titration was performed in 
the ordinary way. 

Sodie chloride added . . o gram 5 grams 10 grams 
" Baric chloride " required 20.0 c.c. 20.0 c.c. 19.7 c.c. 

Amnionic eJiioride added . o gram 5 grams 10 grams 
" Baric chloride " required 20.0 c.c. 20.0 c.c. 19.5 c.c. 
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CaHeic diloride added . o gram i gram 2 g^ams 5 grams 

" Baric chloride " required 20.0 c.c. 20.0 c.c. 19.2 c.c. 19.0 c.c. 

Zinc chloride added . . o gram i gram 3 grams 5 grams 
" Baric chloride " required 20.0 c.c. 20.0 c.c. 20.0 c.c. 20.0 c.c. 

ferrous chloride added . o gram i gram 3 grams 5 grams 
" Baric chloride '* required 20.0 c.c. 19.7 c.c. 19.5 c.c. 19.0 c.c. 

I^erric cldoride added . o gram i gram 3 grams 5 grams 
" Baric chloride " required 20.0 c.c. 20.0 c.c. 20.0 c.c. 20.0 c.c. 

Copper chloride added . o gram i gram 3 grams 5 grams 
" Baric chloride " required 20.0 c.c. 20.0 c.c. 20.0 c.c. 20.0 c.c. 

Potassic nitrate added . o gram i gram 5 grams lo grams 
" Baric chloride " required 20.0 c.c. 20.0 c.c. 20.0 c.c. 19.0 c.c. 

Ihtasaic nitrite added . o gram I gram 5 grams 
" Baric chloride " required 20.0 c.c 20.0 c.c. 20.0 c.c. 

JSodic phospJuite added o gram i gram 

" Baric chloride " required 2.00 c.c. 22.5 c.c. 

Sodic arsenate added o gram i gram 

"Baric chloride " required 20.0 c.c. 20.5 c.c. 

In the absence of ferric salts, phosphates and arsenates count 
as sulphur. 

In two series of experiments for determining the effect of varying 
amounts of sulphur in the form of ferrous sulphate, we obtained 
the following results : — In the first series the assay solution was 
prepared in the manner we have described for Pi/rites ; and in the 
second series, by fusion with nitre. 



Sulphur added 

" Baric chloride *' required (i) 


0.050 gram 
5.0 c.c. 


0. 100 gram 
lo.o c.c. 


0.200 gram 
20.0 c.c. 


(2) 
Sulphur added 
"Baric chloride" required (i) 

(2) 


47 » 

0.500 gram 

50.0 c.c. 

50.0 „ 


lo.o „ 
1. 000 gram 
loo.o c.c. 
100.0 „ 


20.0 „ 



More than 5 grams of nitre must not be used in an assay ; 
and, since the requisite amount of nitre considerably exceeds 
that sufficient to oxidise the sulphur, not more than 0.5 gram of 
unoxidised sulphur should be present in the portion of the 
sample weighed up for determination. When the amount of 
sulphur present is not known within reasonable limits, the test 
portions may be tried with a drop of baric chloride solution 
instead of sulphuric acid, so that the diminishing quantity of 
precipitate may give warning of an approach to the finishing 
point. 

Determination of Sulphur in Blende. — Weigh up i gram 
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of diied and powdered blende, and mix and fuse with 5 grams of 
nitre in the manner described. Place the dish and its contents 
in the titrating-dish, extract with water, add 10 grams of sodium 
acetate and 10 c.c. of acetic add, remove and wajsh the platinum- 
dish, and dilute to 500 c.c. ; boil and titrate. In the example, 
dupHcato determinations required (a) 32.0 c.c, (6) 32.25 c.c, 
giving an average of 32.1 per cent, of sulphur. 

Determination of Sulphur in Chalcopyrite (Yellow 
Copper Ore). — ^Take i gram of the finely-powdered sample, and 
5 gi'ams of nitre. Sprinkle a little of the nitre in a small Wedg- 
wood mortar, place the ore on it, and cover with 2 or 3 grams more 
of the nitre. Rub up together, and transfer to a small porcelain 
dish ; clean out the mortar with the rest of the nitre, and add to 
the contents of the dish. Cover with a piece of platinum foil, and 
heat gently with a Bunsen burner till the nitre melts and the stuff 
shows signs of deflagrating; remove the heat, and allow the 
action to go on by itself for a minute or so, then heat over the 
Bunsen burner for 10 minutes. Cool ; transfer the whole to the 
titrating-dish ; boil with 500 c.c of water ; remove the small dish 
and foil ; add sodic acetate and acetic acid, and titrate. 

For example, i gram required 34.5 c.c of " barium chloride " 
(standard = 1.005 gi-am S), which is equivalent to 34.7 per cent, 
sulphur. The theoretical percentage is 34.8. 

Determination of Sulphur in Chalcocite (Grey Copper 
Ore). — Proceed as in the last experiment, but, since the action with 
nitre is more moderate, no special precautions need be taken on 
heating. A platinum dish may be used. 

An example which was heated for 30 minutes required 20.5 c.c. 
of the barium chloride solution. This is equivalent to 20.6 per 
cent, of sulphur. The theoretical yield is 20.2 per cent. 

Determination of Sulphur in Pyrites. — ^Take i gram of 
the finely-powdered sample, cover with 10 c.c. of nitric add, and, 
when action has ceased, evaporate to a small bulk. Add 3 or 4 cc. 
of hydrochloric acid, and again evaporate to a paste. Take up 
with I or 2 cc of dilute hydrochloric acid, dilute with water, 
transfer to a titrating-dish, add 10 grams of sodic acetate and 5 cc. 
of acetic acid, and dilute with water to 500 cc. Boil and 
titrate. 

An example with i gram of a pure crystallized pyrites. required 
52.7 cc. of the barium chloride solution, which is equivalent to 
53.0 per cent, of sulphur. Theory requires 53.3 per cent, of 
svJphur. 

Determination of Sulphur in Mispickel. — ^Take i gram 
of the powdered ore and evaporate with 10 cc of nitric acid, and 
take up with 3 or 4 cc. of hydrochloric acid. If any globules of 
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sulphur remain, again evaporate with nitric, acid. Dilute, and 
transfer to the titrating-dish. Add 10 gx-ams of sodic acetate, 
dilute with water, boil, and titrate. The mispickel carries (accord- 
ing to theory) exactly sufficient iron to precipitate the arsenic as 
ferric arsenate in an acetic acid solution, so no more iron need be 
added. The ferric arsenate will separate out as a yellowish-white 
flocculent precipitate. 

An example required, in duplicate experiment, 18.5 c.c. and 
18.7 c.c. of barium chloride, equivalent to 18.7 per cent, of sulphur. 
The formula, FeS,.FeAs„ requires 19.6 percent., but the* sulphur 
generally varies considerably from this amount. 

Determination of Sulphur in Burnt Ores. — Take 5 grams 
of the dried and powdered ore, and rub up mth 4 grams of niti-e ; 
transfer to the platinum -dish ; clean out the mortar with another 
gram of nitre, and add this as a cover. Heat, and extract with 
water as before ; add the sodium acetate and acetic acid ; and 
titrate. Burnt ores carry from 2.5 to 5 per cent, of sulphur. A 
series of four determinations gave : — 

*• Baric Chloride " Beqaired. Percentago of Sulphur. (Jravimetric Besulta. 

12.6 CO. ... 2.5270 — 2.45 7o 

29.9 »» •• 5-98 „ ... 584 .» 

i8.i „ ... 3.62 „ ... 3.53 „ 

22.0 „ ... 4.40 „ ... 4-43 .. 

For ores carrying less than i per cent, of sulphur, take 10 grams 
for the assay. 

Determination of Sulphuric Oxide (SO3) in Sulphates. — 
When the sulphur exists in the sample received by the assayer in 
an oxidised state as sulphate, it is usual to report it in terms of 
sulphuric oxide (SO3). In this case, the metal must also be 
reported as oxide. For example, an analysis of copper sulphate 
would be thus reported : — 

Oxide of copper (CuO) 31.8 7o 

Sulphuric oxide (SO,) 32. i „ 

Water 36.1 „ 



The percentage of sulphur multiplied by 2.5 gives the percentage 
of sulphuric oxide. Thus a sample of copper sulphate containing 
12.85 per cent, of sulphur will contain 12.85 ^ 2.5, or 32.12 per 
cent, of sulphuric oxide. 

In minerals and metallurgical products, it is common to find the 
sulphur in both conditions — i.e,, as sulphate and sulphide. 
Generally in these the percentage of sulphur only is wanted ; but 
this will depend entirely on commercial requirements, and not on 
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the fancy of the assayer. Soluble sulphates are determined 
separately by extracting with small quantities of cold water, so as 
to avoid the separation of basic sulphates, or, if the sulphides 
present are not at the same time attacked, by dilute hydrochloric 
acid. Lead sulphate may be extracted by boiling with ammonic 
acetate ; whilst barium, strontium, and, perhaps, calcium sulphate, 
will be mainly found in the residue insoluble in acids. 

Weigh up from 2 to 5 grams of the material according to the 
amount of sulphur judged to be present, and dissolve them in the 
titrating- dish with i c.c. of hydrochloric acid and 50 c.c. of water. 
Add 10 grams of sodic acetate, and 10 c.c. of acetic acid; dilute, 
boil, and titrate. In the case of ferric salts, half the quantity of 
acetic acid will be better, as then the ferric iron will be precipi- 
tated, and a colourless solution will be left, in which the end re- 
action is more readily distinguished. 

Determined in this way, 5 gram samples of the following salts 
gave the results indicated below : — 

«a«u " Barium Chloride" o„i«v....;.. n.,M« 

Salt. Required. Sulphuric Glide. 

Copper sulphate . . 64.250.0. ... 32.1270 

Magnesium sulphate . 65.25 „ ... 32.62 „ 

Zinc sulphate . . . 56.25 „ ... 28.12 „ 

Ferrous sulphate . . 58.25 „ ... 29.12 „ 

Sodium sulphate . . 51.25 „ ... 25.60 „ 

Determination of Sulphuric Oxide in Barytes (Heavy- 
spar). — Fuse 2 grams of the powdered mineral with 5 grams of 
" fusion mixture " for five minutes ; and, when cold, extract with 
water. Filter, acidulate the filtrate with an excess of 10 c.c. of 
acetic acid, dilute, boil, and titrate. For example, a transparent 
crystallised sample requii*ed 27.0 c.c. of barium chloride, which is 
equivalent to 13.6 per cent, of sulphur, or 34.0 per cent, of sul- 
phuric oxide. Theory requires 34.3 per cent, of the latter. 
Since both carbonate of soda and potash are liable to contain 
sulphates, a blank determination should be made on 5 grams of 
the " fusion mixture," and the amount found be deducted from 
that got in the assay. 

PEACTICAL EXERCISES. 

1. The price of sulphur in an ore being 4id. per unit in the northern 

markets, what would be the price of a ton of ore containing 
49 per cent, of sulphur ? What would be the effect on the price 
of an error of 0.25 per cent, in the assay ? 

2. Pyrites carries 50 per cent, of sulphur, and on calcining yields 70 per 

cent, of its weight of burnt ore. Supposing the burnt ore carries 
3.5 per cent, of sulphur, what proportion of the sulphur will have 
been removed in the calcining ? 
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3. How would blende compare with pyrites as a source of sulphur for 

sulphuric acid making ? 

4. How would you determine the percentage of sulphuric oxide in a 

sample of gypsum ? What is sulphuric oxide, and what relation 
does it bear to sulphur ? 

5. A mineral contains 20.7 per cent, of water, 32.4 per cent, of lime, and 

18.6 per cent, of sulphur. What is its probable composition ? 
What experiment would you try to determine the accuracy of 
your conclusion ? 

SELENIUM 

<!)ccurs in nature combined with copper, mercury, and lead, in 
certain rare minerals. In small quantities it is found in many 
ores. It is detected in solution by the red precipitate produced 
on boiling the acid solution with sodium sulphite. This reaction 
is used for its determination. 

Solution. — The solution is effected by boiling with nitric add 
or aqua regia, or by fusing with nitre. To separate the selenium, 
the solution is evaporated with an excess of hydrochloric acid and 
a little sodium or potassium chloride. This destroys any nitric 
add that may be present, and reduces selenic acid (H^SeO^) to 
selenious (H^SeOg). The solution is diluted with water, and 
treated with a solution of sulphite of soda. It is warmed, and at 
last boiled. The selenium separates as a red precipitate, which 
(on boiling) becomes denser and black. It is collected on a weighed 
filter, washed with hot water, dried at 100" C, and weighed as 
pure selenium. 

Selenium can be precipitated with sulphuretted hydrogen as a 
sulphide, which is readily soluble in ammonium sulphide. This 
sulphide may be oxidised with hydrochloric acid and chlorate of 
potash ; and the selenium separated in the manner described. 

TELLUKIUM. 

Tellurium occurs in nature, native, and in combination with 
gold, silver, bismuth and lead. It is sometimes met with in 
assaying gold ores. It may be detected by the purple colour it 
imparts to strong sulphuric acid when dissolved in the cold, and 
by the black precipitate of metallic tellurium which its solutions 
yield on treatment with a reducing agent. Telluric acid is re- 
duced to tellurous (with evolution of chlorine) on boiling with 
hydrochloric acid. 

Solution is effected by boiling with aqua regia, or by fusing 
with nitre and sodium carbonate. 

Separation. — Tellurium closely resembles selenium in its re- 
actions. It is separated and determined in the same way. Like 
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it, it forms a sulphide soluble in ammonium sulphide. It is dis- 
tinguished from selenium by the insolubility, in a solution of 
cyanide of potassium, of the metal precipitated by sodium sul- 
phite : whereas selenium dissolves, forming a soluble potassic 
seleno-cyanide.* 

For the detarmination, solution is effected by fusing with nitre 
and sodium carbonate, dissolving out the tellurate of potash with 
water, and boiling with hydrochloric acid. Tellurous compounds 
are formed, with evolution of chlorine; and the solution, on 
treating with a reducing agent (such as sulphurous acid or 
stannous chloride), yields metallic tellurium ; which is washed^ 
dried at ioo° C, and weighed. 

♦ Se + KCy = KCySe, 



( 337 ) 



CHAPTER XVn. 
ABSENIC, PHOSPHOBTJS, NITBOQEN. 

ARSENIC. 

The chief source of the arsenic of commerce is arsenical pyrites, 
or mispickel, which contains about 45 per cent, of arsenic (As). 
Arsenic also occurs as a constituent of several comparatively rare 
minerals; and, as an impurity, it is very widely distributed. 
White arsenic is an oxide of arsenic, and is obtained by roasting 
arsenical ores, and refining the material (crude arsenic), which con- 
denses in the flues. Arsenic itself is volatile, and many of its 
compounds have the same property. It forms two well-defined 
series of salts, corresponding to the oxides : arsenious oxide ( As,0,), 
and arsenic 6xide {Asfi^). These combine with bases to form 
arsenites and arsenates respectively. Boiling with nitric acid 
converts the lower into the higher oxide ; and powerful reducing- 
agents, such as cuprous chloride, have the opposite effect. 

Arsenic may be detected by dissolving the substance in hydro- 
chloric acid, or in aqua regia (avoiding an excess of nitric acid), 
and adding a little of this solu- 
tion to the contents of a small 
flask in which hydrogen is being 
made by the action of zinc and j^ i B/* J 
hydrochloric acid. The ignited 
jet of hydrogen assumes a blue 
colour if arsenic is present, and 

a cold porcelain dish held in the 

flame (fig. 67) becomes coated Fig. 67. 

with a dark deposit of metallic 

arsenic. Antimony produces a similar effect, but is distinguished 

by the insolubility of its deposit in a cold solution of bleaching- 

powder. 

Arsenites are distinguished by the volatility of the chloride ; by 
decolorising a solution of permanganate of potassium, and by 
immediately giving a yellow precipitate with sulphuretted hydrogen. 
Arsenates are distinguished (after converting into soda salts by 




r^ 
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Boiling with carbonate of soda and neutralising) by giving with 
nitrate of silver a red precipitate, and with ^^ magnesia mixture '* a 
white crystalline one. 

Dry Assay. — ^There is no dry assay which is trustworthy. The 
following method is sometimes used to find the proportion of 
arsenious oxide in " crude arsenic " : — ^Weigh up 5 grams of the 
dried sample, and place them in a clean dry test-tube about 6 inches 
long. Tie a small filter-paper over the mouth of the tube, so as to 
prevent air-currents. Heat the tube cautiously so as to sublime 
off the white arsenic into the upper part of the tube. Cut off the 
bottom of the test-tube by wetting whilst hot. Scrape out the 
arsenic and weigh it. The weight gives an approximate idea of 
the quantity, and the colour of the quality, of the white arsenic 
obtainable fix)m the sample. Some workers (sellers) weigh the 
i^due, and determine the white arsenic by difference. In deter- 
mining the percentage of moisture in these samples, the substance 
is dried on a water-bath or in a water-oven. 

WET METHODS. 

Solution. — Where, as in crude arsenic, the substance is 
arsenious oxide (As^O,) mixed with impurities, the arsenic is best 
got into solution by warming with caustic soda, and neutralising 
the excess with hydrochloric acid ; it will be present as sodium 
arsenite. Metals and alloys are acted on by means of nitric acid ; 
or the arsenic may be at the same time dissolved and separated by 
distilling with a strongly-acid solution of ferric chloride, in the 
way described under Volumetric Methods. 

With minerals, mattes, &c., solution is thus effected : — The 
finely-powdered substance is mixed (in a large platinum or porce- 
lain crucible) with from six to ten times its weight of a mixture of 
equal parts of carbonate of soda and nitre. The mass is then 
heated gradually to fusion, and kept for a few minutes in that state. 
When cold, it is extracted with warm water, and filtered from the 
insoluble residue. The solution, acidified with nitric acid and 
boiled, contains the arsenic as sodium arsenate. With mispickel, 
and those substances which easily give off arsenic on heaiting, the 
substance is first treated with nitric acid, evaporated to dryness, 
and then the residue is treated in the way just described. 

When the arsenic is present as arsenite or arsenide, distillation 
with an acid solution of ferric chloride will give the whole of the 
arsenic in the distillate free from any metal except, perhaps, 
tin as stannic chloride. With arsenates, the substance should be 
dissolved in acid, and an excess of soda added. Pass sulphuretted 
hydrogen into the solution ; warm, and filter. Acidulate the 
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filtrate, and pass sulphuretted hydrogen. Decant o£f the liquid 
through a filter, and digest the precipitate with amnionic carbonate ; 
filter, and re-precipitate with hydrochloric acid and sulphuretted 
hydrogen. Allow to stand in a warm place, and filter off the 
yellow sulphide of arsenic. Wash it into a beaker, clean the filter- 
paper (if necessary) with a drop pr two of dilute ammonia ; evapo- 
rate with lo C.C. of dilute nitric acid to a small bulk ; dilute; and 
filter off the globules of sulphur. The filtrate contains the arsenic 
AS arsenic acid. 

GBAVIMETBIC METHOD. 

Having got the arsenic into solution as arsenic acid, and in a volume 
not much exceeding 50 c.c, add about 20 c.c. of dilute ammonia 
:and 20 c.c. of '< magnesia mixture." Stir with a glass rod, and allow 
to settle overnight. Filter, and wash with dilute ammonia, avoid- 
ing the use of large quantities of wash water. Dry, transfer the 
precipitate to a Berlin crucible, and clean the filter-paper 
thoroughly.' Burn this paper carefully and completely ; and add 
the ash to the contents of the crucible, together with 4 or 5 drops 
of nitric acid. Evaporate with a Bunsen burner, and slowly 
ignite, finishing off with the blow-pipe or muffle. Cool, and weigh. 
The ignited precipitate is pyrarsenate of magnesia (Mg^SjO^), and 
'Contains 48.4 per cent, of arsenic (As). 

Instead of igniting the precipitate with nitric acid, it may be 
•collected on a weighed filter-paper, dried at 100° C, and weighed 
:as ammonic-magnesic arsenate (2AmMgAsO^.H,0), which contains 
.39-5 P®^ cent, of arsenic. The results in this case are likely to be 
a little higher. The drying is very tedious, and is likely to leave 
behind more water than is allowed for in the formula. In a series 
of determinations in which the arsenic was weighed in both forms, 
the results were : — 



Mnof^nesic Arsenate 


Arsenic 


Magnesium Pyrarsenate 


Arsenic 


in gramei. 


in grams. 


in grams. 


in grams. 


0.0080 


0.0032 


0.0065 


0.0031 


0.0400 


0.0158 


0.0330 


0.0160 


0.0799 


0.0316 


0.0633 


0.0306 


0.1600 


0.0632 


0.1287 


0.0623 


0.4000 


0.1580 


0.3205 


0.155 1 


0.7990 


0.3156 


0.6435 


O.3114 



340 



TEXT-BOOK OF ASSAYING. 



VOLUMETBIC METHODS. 

There are two methods : one for determining the arsenic in the 
lower, and the other in the higher state of oxidation. In the- 
first-mentioned method this is done by titrating with a standard 
solutibn of iodine ; and in the latter with a solution of uranium 
acetate. Where the arsenic already exists as arsenious oxide, or 
where it is most conveniently separated by distillation as arseni- 
ous chloride, the iodine method should be used ; but when th& 
arsenic is separated as ammonic-magnesic arsenate or as sulphide^ 
the uranium acetate titration should be adopted. 



IODINE PROCESS. 

This is based on the fact that sodium arsenifce in a solution con- 
taining an excess of bicarbonate of soda is indirectly oxidised by 
iodine to sodium arsenate,* and that an excess of iodine may be 
recognised by the blue colour it strikes with starch. The process 
is divided into two parts — (i) the preparation of the solution, and 
(2) the titration. 

Preparation of the Solution. — For substances like crude 
arsenic, in which the arsenic is present as arsenious oxide, the 
method is as follows : — ^Take a portion which shall contain from 

0.25 to 0.5 gram of the oxide, place 
in a beaker, and cover with 10 c.c. of 
sodic hydrate solution ; warm till dis- 
solved, put a small piece of litmus 
paper in the solution, and render acid 
with dilute hydrochloric acid. Add 
3 grams of bicarbonate of soda in solu- 
tion, j&lter (if necessary), and dilute to- 
100 C.C. The solution is now ready 
for titrating. 

Where the arsenic has to be sepa- 
rated as arsenious chloride, the process 
is as follows: — Weigh up i gram of 
the finely-powdered ore (metals should 
be hammered out into a thin foil or be used as filings), and place 
in a i6-ounce flask provided with a well-fitting cork, and con- 
nected with a U-tube, as shown in the drawing (fig. 68). The 
U-tube should contain 2 or 3 c.c. of water, and is cooled by being 

* NajAs03 + HjO-f-2l = Na,AsO^+2HI. The hydriodic acid is at once 
neutralised by the excess of bicarbonate. 




Fio. 68. 
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placed in a jar or large beaker of cold water. The water used 
for cooling should be renewed for each assay. 

Pour on the assay in the flask 50 c.c of a " ferric chloride 
mixture," made by dissolving 600 grams of calcium chloride 
and 300 grams of ferric chloride in 600 c.c. of hydrochloric 
acidy and making up to i litre with water. 

Firmly cork up the apparatus, and boil over a small Bunsen- 
bumer flame for fifteen or twenty minutes, but avoid evaporating 
to dryness. Disconnect the flask, and pour away its contents at 
once to prevent breakage of the flask by their solidification. The 
arsenic will be condensed in the U-tube, together with the greater 
part of the hydrochloric acid ; transfer the distillate to a beaker, 
washing out the tube two or three times with water ; add a small 
piece of litmus paper ; neutralise with ammonia ; render faintly 
acid with dilute hydrochloric acid ; add 2 grams of bicarbonate of 
soda, in solution ; and dilute to 250 c.c. The solution is now ready 
for titrating. 

The arsenic comes over in the early part of the distillation, as 
will be seen' from the following experiment, made on i gram of 
<»pper precipitate ; in which experiment the distillate was collected 
in separate portions at equal intervals, and the arsenic in each 
portion determined ; — 



Time 


Iodine 


EqoiTtlent to Anenio 
in the Distillate. 


DistUling. 


Bequlnd. 


5 minutes 


12.0 C.C. 


0.0450 gram 


5 


0.17 „ 


aooos „ 


5 


0.0 „ 




5 


0.0 „ 




To dryness 


0.0 „ 





The volume of each distillate was about 5 c.c. 

In this operation the metals are converted into chlorides by the 
:action of ferric chloride, which gives up a part of its chlorine, and 
becomes reduced to the ferrous salt. The calcium chloride does 
not enter into the chemical reaction, but raises the temperature at 
which the solution boils, and is essential for the completion of the 
distillation.* Two experiments with material containing 3.48 per 
«ent. of arsenic gave — (i) with ferric chloride alone, 2.74 per 
cent.; and (2) with the addition of calcium chloride, 3.48 per cent. 

It is always necessary to make a blank determination with 
I gram of electrotype copper, to find out the amount of arsenic 
in the ferric chloride mixture, t Unfortunately, a correction is 

• By taking hold of the water present, it may prevent the dissociation 
of arsenions chloride. 

t It is difficult to get ferric chloride free from arsenic ; but the following 
treatment will remove 80 or 90 per cent, of the arsenic contained in the 
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always required. This amounts to about 0.15 percent, of arsenic 
on each assay, even when the mixture has been purified ; and this 
constitutes the weakness of the method, since, in some cases, the 
correction is as much as, or even greater than, the percentage to 
be determined. 

The acid distillate containing the arsenious chloride may be left 
for an hour or so without much fear of oxidation ; but it is safer 
to neutralise and then to add the bicarbonate of soda, as the fol- 
lowing experiments show. Several portions of a solution, each 
having a bulk of 100 c.c, were exposed for varying lengths of 
time, and the ai'senic in each determined. 




Acid Solations. I Neatralised Solutions. 

'" amo«i/.v^»«^ ' "Iodine" 

Beqnired. Amnio Fonnd. ■ ueqi^red. 



"Iodine" Amnio Fonnd. ■ ^ll^Sjf,' Arsenic Found. 



18.2 CO. =0.0136 gram i 18. i c.c. = 0.0x36 gram 

18.2 „ - 0.0136 „ I 18.2 „ = 0.0136 ,. 

17.7 „ = 0.0133 „ ; 18.0 „ = 0.013s „ 

17-5 »» '^ 0.0131 „ , 18.4 „ = 0.0138 „ 

17.0 „ =0.0127 „ 18.3 „ =0.0137 „ 



The Titration. — Make a standard solution of iodine by weighing 
up in a beaker 16.933 grams of iodine and 30 grams of potassium 
iodide in crystals ; add a few c.c. of water, and, when dissolved,, 
dilute to I litre : 100 c.c. will equal 0.500 gram of arsenic. 

A solution of starch similar to that used in the iodide-copper 
assay will be required. Use 2 c.c. for each assay. Variations in 
the quantity of starch used do not interfere ; but the solution 
must be freshly prepared, as after seven or eight days it becomes 
useless. 

To standardise the iodine solution, weigh up 0.3 gram of white 
arsenic ; dissolve in caustic soda ; neutralise ; after acidulating,, 
add 2 grams of bicarbonate of soda and 2 c.c. of the starch solu- 
tion, and dilute to 200 c.c. with cold water. Fill a burette having 
a glass stop-cock with the iodine solution, and run it into the 
solution of arsenic, rapidly at first, and then more cautiously, till 
a final drop produces a blue colour throughout the solution. 
Calculate the standard in the usual way. White arsenic contains- 
75.76 per cent, of arsenic. 

The following experiments show the effect of variation in the 
conditions of the titration : — 

commercial material : — Dissolve 2 or 3 lbs. of ferric chloride with the 
smallest amount of water that will effect solution with the addition of 
100 c.c. of hydrochloric acid ; add a solution of sulphurous acid in quantity 
i<ufficiont to reduce 2 or 3 per cent, of the iron to the ferrous state ; allow- 
to sta'id a week ; and then boil, to remove the hydrochloric acid added. 
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Make a solution of arsenic by dissolving 6.60 grams of white 
arsenic in 100 c.c. of sodic hydrate solution; render slightly acid 
with hydrochloric acid ; add 10 grams of bicarbonate of soda, and 
dilute to I Utre : 100 c.c. will contain 0.50 gram of arsenic. 

Effect of VBxyins Tempprature. — The reaction goes on 
very quickly in the cold, and, since there is no occasion for .heat- 
ing, all titrations should therefore be carried out cold. 

Effect of Varying Bulk. — In these experiments, 20 c.c. of 
arsenic solution were taken, 2 grams of bicarbonate of soda and 
2 c.c. of starch solution added, and water supplied to the required 
bulk. The results were : — 

Bulk . . . 50.0 C.C. 100.0 c.c. 250.0 c.c. 500.0 c.c. 
"Iodine" required 20.0 „ 20.0 y, 20.0 „ 20.0 „ 

Considerable variation in bulk does not interfere. 

Effect of Varying Bicarbonate of Soda. — This salt must 
be present in each titration in considerable excess, to prevent the 
interference of free acid. The bicarbonate must be dissolved 
without heating, as neutral carbonates should be avoided. 

Bicarbonate added i gram 2 grams 5 grams 10 grams 
" Iodine *' required 20.10.0. 20.00.0. 20.10.0. 20.00.0. 

These results show that large variation in the quantity of 
bicarbonate has no effect. 

Effect of Free Acid. — In these experiments, the arsenic 
taken, the starch, and the bulk were as before, but no bicarbonate 
was added. In one case the solution was rendered acid with 5 c.c. 
of acetic acid, and in the other with 5 c.c. of hydrochloric acid ; 
in both cases the interference was strongly marked, and no satis- 
factory finishing point could be obtained. This was much more 
marked with the hydrochloric acid. 

Effect of Foreign Salts. — The process for getting the arsenic 
into solution will exclude all metals except tin, but the solution 
will be charged with sodium or ammonium salts in the process of 
neutralising, so that it is only necessary to see if these cause 
any interference. The alkaline hydrates, including ammonia, 
are plainly inadmissible, since no free iodine can exist in their 
presence. Monocarbonates similarly interfere, but to a much less 
extent ; hence the necessity for rendering the assay distinctly add 
before adding the bicarbonate of soda. 

With 20 c.c. of arsenic solution ; and with bulk, soda, and 
starch as before, the results obtained were : — 
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With 20 graniB of ammonic chloride 
,1 20 grams of sodium chloride • 
„ 20 grams of sodium acetate . 
„ 0.050 gram of tin, as stannic chloride 

Without any addition .... 



* Iodine "raqnired. 
. 20.0 c.c 
. 20.0 „ 
. 20.0 „ 
. 19.6 „ 
. 20.0 „ 



The interference of the stannic salt is probably mechanical, the 
precipitate carrying down some arsenious acid. 

Effect of Var^^s Arsenio. — With bulk, starch, and soda 
as before, but with varying arsenic, the results were : — 

Arsenic added . 1.0 c.c. lo.o c.c. 2ao c.c. 50.0 c.c. 100.0 c.o. 
** Iodine " required i.i „ 9.9 „ 20.0 „ 50.0 „ loao „ 

Determination of Arsenio in Metallio Copper. — Put z 
gram of the copper filings, freed from particles of the file with 
a magnet, into a i6-oz. -flask; and distil with the ferric chloride 
mixture, as above described. Neutralise the distillate ; acidify ; 
acid bicarbonate of soda and starch ; dilute ; and titrate with the 
standard solution of iodine.* . Make a blank determination with 
I gram of electrotype copper, proceeding exactly as with the 
assay ; and deduct the amount of arsenic found in this exx>eri- 
ment from that previously obtained. 

Working in this way on a copper containing 0.3 per cent, of 
arsenic and 0.80 per cent, of antimony, 0.38 per cent, of arsenic 
was found. 

Determination of White Arsenic in Crude Arsenic. — 
Weigh out 1 gram of the dried and powdered substance (or 0.5 
gram of rich), and digest with 10 c.c. of a 10 per cent, solution of 
soda ; dilute to about 50 c.c, and filter. Render faintly acid 
with hydrochloric acid, and filter (if necessary) ; add 2 or 3 grams 
of bicarbonate of soda in solution, then 5 c.c. of starch, and 
titrate the cold solution with the standard solution of iodine. 

The following is an example : — 

I gram of crude arsenic required 53.7 c.c, " Iodine; " 
100 c.c. " Iodine " = 0.6000 gram white arsenic ; 
100 : 53.7 :: 0.6 : 0.3222, or 32.2 per cent. 

With the test-tube method of dry assaying, this same sample gave 
results varying from 33 to 35 per cent, of white arsenic, which 
(judging from its appearance) was impure. 

* When the amount of arsenic to be estimated is small (as in refined 
coppers), it is better to use a weaker solution of iodine. This is made by 
diluting 200 c.c. of the standard solution with water to i litre. Each c.c. 
will equal 0.1 per cent., if i gram of the metal has been taken for the 
assay. 
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UBANIC ACETATE PROCESS. 

This may be looked upon as an alternative to the gravimetric 
method. It is applicable in all cases where the arsenic exists in 
49olution as arsenic acid or as arsenate of soda. The process may 
be considered in two parts : (i) the preparation of the solution, 
and (2) the titration. 

Preparation of the Solution. — If the arsenic has been 
.separated as sulphide, it is suificient to attack it with 10 or 15 c.c. 
of nitric acid, and to heat gently till dissolved, avoiding too high 
a temperature at first. Afterwards continue the heat till the 
43eparated sulphur runs into globules, and the bulk of the acid 
has been reduced to 3 or 4 c.c. Dilute with 20 or 30 c.c. of water ; 
put in a piece of litmus paper; and add dilute ammonia until just 
alkaline. Then add 5 c.c. of the sodium acetate and acetic acid 
solution (which should make the solution distinctly acid); dilute 
to 150 c.c, and heat to boiling. The solution is ready for 
titrating. 

When the arsenic exists in a nitric acid solution mixed with 
much copper, it is separated in the way described under 
Examination of Commercial Copper (Arsenic and Phosphorus), 
pages 168, 169. 

If the arsenic has been separated as ammonium-magnesium 
arsenate, and phosphates are known to be absent; dissolve the 
precipitate (after filtering, but without washing) in dilute hydro- 
chloric acid. Add dilute ammonia till a slight precipitate is 
formed, and then 5 c.c. of the sodium acetate and acetic acid 
.solution ; dilute to 150 c.c, and heat to boiling. Titrate. 

If phosphates are present (which will always be the case if 
they were present in the original substance, and no separation 
with sulphuretted hydrogen has been made), the phosphorus will 
count in the subsequent titration as arsenic (one part of phos- 
phorus counting as 2.4 parts of arsenic). It will be necessary to 
dissolve the mixed arsenate and phosphate of magnesia in hydro- 
chloric acid. Add about four or five times as much iron (as 
ferric chloride) as the combined phosphorus and arsenic present 
will unite with, and separate by the " basic acetate " process as 
described under Phosphorus in the Examination of Commercial 
Copper, page 169. Obviously, when phosphates are present, it is 
•easier to separate the arsenic as sulphide than to precipitate it 
with the " magnesia mixture." 

The Titration. — ^The standard solution of uranium acetate is 
made by dissolving 34.1 grams of the salt (with the help of 25 c.c. 
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of acetic acid) in water ; and diluting to i litre. The water and 
acid are added a little at a time, and warmed till solution is 
effected ; then cooled, and diluted to the required volume : 
I GO c.c. will equal 0.50 gram of arsenic. 

The sodic acetate and acetic acid solution is made by 
dissolving 100 grams of sodic acetate in 500 c.c. of acetic acid, 
and diluting with water to i litre. Five c.c. are used for each 
assay. 

The solution of potassic ferrocyanide used as indicator is made 
by dissolving 10 grams of the salt in 100 c.c. of water. 

To standardise the solution of uranium acetate, weigh up a 
quantity of white arsenic (ASjO,) which shall be about equivalent 
to the arsenic contained in the assay (o.i or 0.2 gram) ; transfer 
to a flask, and dissolve in 10 c.c. of nitric acid with the aid of 
heat. Evaporate to a small bulk (taking care to avoid the 
presence of hydrochloric acid) ; dilute with water ; add a small 
piece of litmus paper; render faintly alkaline with ammonia;, 
then add 5 c.c. of the sodic acetate solution; dilute to 150 c.c. ; 
and heat to boiling. 

Fill an ordinary burette with the uranium acetate solution, and 
run into the assay a quantity known to be insufficient. Again 
heat for a minute or two. Arrange a series of drops of the solu- 
tion of ferrocyanide of potassium on a porcelain slab, and, with 
the help of a glass rod, bring a drop of the assay solution in contact 
with one of these. If no colour is produced, run in the uranium 
acetate, i c.c. at a time, testing after each addition, till a brown 
colour is developed. It is best to overdo the assay, and to count 
back. It is not necessary to Alter off a portion of the assay before 
testing with the "ferrocyanide," since the precipitate (uranic 
arsenate) has no effect. 

The following experiments show the effect of variation in the 
conditions of titration. Make a solution of arsenic acid by dis- 
solving 4.95 grams of arsenious acid (ASjOj) in a covered beaker 
with 35 c.c. of nitric acid ; evaporate down to 7 or 8 c.c. ; and 
dilute with water to i litre : 100 c.c. will contain 0.375 gram of 
arsenic. Use 20 c.c. for each experiment. 

Effect of Varying Temperature. — It is generally recom- 
mended to titrate the boiling solution, since it is possible that the 
precipitation is only complete on boiling. Low results are ob- 
tained in a cold solution, the apparent excess of uranium acetate 
striking a colour at once ; on boiling, however, it ceases to do so v 
consequently, the solution should always be boiled directly before- 
testing. 

In four experiments made in the way described, but with 20 c.c- 
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of a solution of arsenic acid stronger than that given (loo c.c. = 0.9 
gram As), the results at varying temperatures were : — 

Temperature . . 15** C. 30° C. 70** C. 100" C. 
" Uranium" required 18.0 c.c. 18.5 c.c. 18.5 c.c. 18.7 c.c. 

Effect of Varying Bulk. — ^These experiments were like those' 
last mentioned, but were titrated boiling, and the volume was* 
varied : — 



Bulk. . . . 50.0 C.C. 


1 00.0 C.c. 


200.0 c.c. 


3oao c.c, 


" Uranium " required 14.0 „ 


14.0 „ 


14-5 »» 


15.0 „ 



Considerable variations in bulk are to be avoided. 

Effect of Varying Sodium Acetate. — These experiments 
were carried out like those last noticed, but the bulk was 150 cc, 
and varying amounts of sodic acetate were added in excess of the* 
quantity used in the experiments previously described : — 

Sodic acetate added o gram i gram 10 grams 20 grams 
*• Uranium '* required 14.5 c.c. 14.5 c.c. 16.0 c.c. 18.0 c.c. 

It is evidently important that the quantity of this salt present 
in each titration be measured out, so as to avoid variation. 

Effect of Varying the Sodium Acetate and Acetic Acid 
Solution. — Acetic Acid also affects the results, but in the opposite 
direction, by preventing the precipitation of uranium arsenate. 
With varying volumes of the solution now under notice, the^ 
results were : — 

Solution added . . 0.0 c.c. 5.0 c.c. lo.o c.c. 15.0 c.c. 

" Uranium " required 14.5 „ 14.5 „ 14.5 „ 14.0 „ 

Solution added . . 20.0 „ 30.0 „ 40.0 „ 50.0 „ 

** Uranium " required 13.2 „ lo.o „ 6.0 „ 2.0 „ 

These show that the quantity ordered (5 c.c.) must be adhered to^ 

Effect of Foreign Salts. — In these experiments, 10 grams of 

the salt (the effect of which it was desired to determine) were 

added to a solution in other respects resembling those previously 

used : — 

Rolf ^AA^A f Ammonic Ammonic Ammonic Magnesiun* 

jsaitaaaea • .^ sulphate. nitrate. chloride. sulphate. 
*' Uranium" required 15.5 c.c. 15.5 c.c. 15.3 c.c. 15.3 cc. 

Without any addition, 15.0 c.c. were required ; and in another 
experiment, in which 30 grams of ammonic salts were present^ 
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15.6 c.c. of uranium solution were required. Such variations in 
the amount of ammonic salts as occur in ordiiuuy working are un- 
important. 

Phosphates, of course, interfere. In fact, the uranium acetate 
solution can be standardised by titrating with a known weight of 
phosphate, and calculating its equivalent of arsenic. Thus, in an 
experiment with 0.6 gram of hydric sodic phosphate (Na,HPO^. 
I2H,0), equivalent to 0.05195 gram of phosphorus, or 0.1256 
gram of arsenic, 23.25 c.c. of a solution of uranium acetate were 
required. The same solution standardised with white arsenic gave 
A standard of which 100 c.c. =0.5333 gi^i^ arsenic. On this 
.standard the 1.6 gram of sodic phosphate should have required 
^3.5 c.c. 

Experiments in which o.i gram of bismuth and o.i gram of 
antimony were present with 0.1 gram of arsenic, showed no inter- 
ference on the titration. Ferric or aluminic salts would remove 
their equivalent of arsenic, and, consequently, must be removed 
before titrating. 

Effeot of Varying Arsenio. — Varying amounts of metallic 
arsenic were weighed up and dissolved in nitric acid, &c., and 
titrated : — 

Arsenic taken 0.010 gram 0.050 gram o. 100 gram 0.2DD gram 
Arsenic found 0.010 „ 0.050 „ 0.100 „ 0.197 «f 

These experiments show that the method yields good results 
"within these limits. 

Determination of Arsenio in Mispiokel. — ^Weighup i gram 
of the dried and powdered ore, and evaporate to near dryness with 
20 c.c. of dilute nitric acid. Make up to 100 c.c. with water; add 
20 c.c. of dilute ammonia, and pass sulphuretted hydrogen for five 
minutes. Warm, filter, and evaporate the filtrate to drive off the 
^excess of ammonia; then add 10 c.c. of nitric acid, and boil down 
till the sulphide of arsenic at first precipitated is dissolved; 
neutralise ; add 5 c.c. of sodium acetate and acetic acid solution ; 
transfer to a pint flask, boil, and titrate. 

For example, an impure sample of ore required, in duplicate assay 
x)f half a gram each, when treated in the above-mentioned way, 
39.6 and 39.5 c.c, of the uranium acetate solution (100 c.c. = 0.537 
gram of arsenic), equivalent to 0.21 14 gram of arsenic, or 42.3 per 
x^ent. 

Determination of Arsenic (As) in Crude Arsenic. — The 
method given under the iodine titration simply determines that 
portion of the arsenic which is present in the substance as 
^rsenious oxide or white arsenic. The following method will give 
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the total arsenic in the sample. It would be incorrect to report 
this as so much per cent, of arsenious oxide, although it may be 
reported as so much per cent, of arsenic equivalent to so much per 
cent, of white arsenic, thus : — 

Arsenic .... 30.0 per cent. 
Equivalent to white arsenic 39.6 „ 

The equivalent of white arsenic is calculated by multiplying the- 
percentage of arsenic by 1.32. The method of determining the 
percentage of arsenic is as follows : — Boil i gram of the sample- 
with 10 C.C. of nitric acid. When the bulk of the solution has been 
reduced to one-half, and red fumes are no longer evolved, dilute* 
with a little water, and filter into a flask. Neutralise the filtrate, 
add 5 C.C. of sodic acetate solution, boil and filter. The precipitate 
(ferric arsenate) is transferred to a small beaker, treated with 5 c.c. 
of dilute ammonia, and sulphuretted hydrogen passed through it. 
The iron sulphide is filtered off, and the filtrate evaporated with an 
excess of nitric acid. When the solution is clear, it is neutralised, 
and I or 2 c.c. of sodic acetate solution having been added, is then 
mixed with the first filtrate. The solution is boiled and titrated. 

A sample treated in this way required 49.2 c.c. of the uranium 
acetate solution (100 c.c. « 0.537 gram of arsenic), equivalent to- 
26.4 per cent. 

Determination of Arsenic in Brimstone. — ^Take 10 grams 
of the substance, and powder in a mortar ; rub up with 10 c.c. of 
dilute ammonia and a little water ; rinse into a pint flask ; pass a^ 
current of sulphuretted hydrogen ; and warm on a hot plate for a 
few minutes. Filter, acidulate the filtrate with sulphuric acid f 
filter off the precipitate ; attack it with 10 c.c. of nitric acid ; and 
proceed as in the other determinations. 



COLOBIMETBIC METHOD. 

Arsenic compounds do not readily yield themselves to the con^ 
ditions suitable for colorimetric work. There are a few coloured 
precipitates, but their solutions are colourless. 
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PRACTICAL EXERCISES. 

f . Mispickel contains 45.0 per cent, of arsenic, to how mnch white 
arsenic will this be equivalent ? 

2. How would yon make a standard -solation of iodine so that 100 c.c. 

shall be equivalent to I gram of white arsenic ? 

3. What weight of arsenic is contained in I gram of pyrarsenate of 

magnesia, and what weight of ammonic-magneaic arsenate would 
it be equivalent to ? 

4. The residue, after heating 10 grams of crude arsenic, weighed 0.62 

gram. What information does this give as to the composition 
of the substance ? If another 10 grams of the substance, heat^ 
on a water-bath, loi$t a43 gram, what conclusions would you draw, 
and how would you report your results 7 
^. If a sample of copper contained 0.5 per cent, of arsenic, and i gram 
of it were taken for an assay, how much standard uranium acetate 
solution would be required in the titration t 



PHOSPHORUS AND PHOSPHATES. 

Phosphorus rarely occurs among minerals except in its highest 
oxidized state, phosphoric oxide (P^O^), in which it occurs abund- 
antly as '' rock phosphate," a variety of apatite which is mainly 
phosphate of lime. Phosphates of most of the metallic oxides are 
found. Phosphoric oxide in small quantities is widely difiused, 
and is a constituent of most rocks. Its presence in varying 
amounts in iron ores is a matter of importance, since it affects the 
quality of the iron obtainable from them. 

Phosphorus occurs in alloys in the unoxidized state. It is 
directly combined with the metal, forming a phosphide. In this 
manner it occurs in meteoric iron. The alloy phosphor-bronze 
is made up of copper, tin, zinc, and phosphorus. 

Phosphates are mined in laige quantities for the use of manure 
manufacturers, and for making phosphorus. 

Phosphorus and arsenic closely resemble each other in their 
^hemicflJ properties, more especially those which the assayer makes 
use of for their determination. Phosphorus forms several series 
of salts ; but the phosphates are the only ones which need be 
considered. Pyrophosphate of magnesia, which is the form in 
which phosphoric oxide is generally weighed, differs from the 
ordinary phosphate in the proportion of base to acid. Meta- 
phosphates differ in the same way. If these are present, it must 
be i*emembered they act differently with some reagents from the 
ordinary phosphates, which are called orthophosphates. They 
iire, however, all convertible into orthophosphates by some means 
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which will remove their base, such as fusion with alkaline cai*- 
bonates, boiling with strong acids, iic.* 

Phosphides are converted into phosphates by the action of 
nitric acid or other oxidizing agents. Dilute acids, when they 
act on the substance, evolve phosphuretted hydrogen (PH3). The 
student should be on his guard against losing phosphorus in this 
manner. 

There is no dry assay for phosphorus. All assays for it are 
made either gravimetrically or volumetrically. 

The separation of phosphoric oxide is made as follows : — ^The 
ore or metal is dissolved in acid and evaporated, to render the 
silica insoluble. It is taken up with hydrochloric acid, diluted 
with water, and treated with sulphuretted hydrogen. The filtrate 
is boiled, to get rid of the excess of gas, and treated with nitric 
acid, to peroxidize the iron present. If the iron is not present in 
more than suf&cient quantity to form ferric phosphate with all 
the phosphorus present, some ferric chloride is added. The iron 
is then separated as basic acetate. The precipitate will contain 
the phosphorus, together with any arsenic acid not reduced by 
the sulphuretted hydrogen. The precipitate should have a 
decided brown colour. The precipitate is washed, transferred to 
a flask, and treated first with ammonia, and then with a current 
of sulphuretted hydrogen. The filtrate from this (acidulated 
with hydrochloric add, and, if necessary, filtered) contains the 
phosphorus as phosphoric acid. This method is not applicable in 
the presence of alumina, chromium, titanium, or tin, if the solu- 
tion is effected with nitric add. The precipitate obtained by the 
action of nitric acid on tin retains any phosphoric or arsenic oxide 
that may be present. 

A method of separation more generally applicable and more 
convenient to work is based on the predpitation of a yellow phos- 
pho-molybdate of ammonia,t by the action of an excess of ammonic 
molybdate upon a solution of a phosphate in nitric acid. Dissolve 
the substance by treatment with acid, and evaporate to dryness. 
Take up with 10 c.a of nitric acid, and add 20 grams of ammonic 
nitrate, together with a little water. Next put in the solution of 
ammonium molybdate solution in the proportion of about 50 c.c. for 
each o. i gram of phosphoric oxide judged to be present. Warm to 
about 80* C, and allow to stand for an hour. Filter, and wash 

* The constitution of these phosphates may be thus illustrated — 

Magnesic meta-phosphate MgO.ROy 

Ma^esic pyro-phosphate iMgO.rfi^. 

Magnesic ortho-phosphate ^MgO.Pfiy 
t The composition of which is — 

MoOj, 9o.74» PA 314. (NHJjO 3.57, H^O 2.55 = 100.00. 



352 TEXT-BOOK OF ASSAYING. 

with a lo per cent, solution of ammonic nitrate. It is not neces- 
saiy that the whole of the precipitate he placed on the filter ; hut 
the heaker must he completely cleaned. Dissolve the precipitate 
off the filter with dUute ammonia, and ran the solution into the 
OTiginal heaker. Run in from a hurette, slowly and with stirring, 
<< magnesia mixture,*' using ahout 15 c.c. for each o.i gram of 
phosphoric oxide. Allow to stand for one hour. The white 
crysUdline precipitate contains the phosphorus as ammonium- 
magnesium phosphate. 

Phosphate of lead is decomposed hy sulphuric acid ; the lead is 
converted into the insoluhle lead sulphate, and the phosphoric 
acid is dissolved. Phosphate of copper and phosphate of iron 
may he treated with sulphuretted hydrogen ; the former in an 
acid, and the latter in an alkaline, solution. Phosphate of alu- 
mina is generally weighed without separation of the alumina, 
since this requires a fusion. In all cases the aim is to get the 
phosphoric oxide either free, or combined with some metal 
whose phosphate is soluble in ammonia. 

Joulie's method of separation is as follows : — One to ten grams 
of the sample are treated with hydrochloric acid, and evaporated 
to dryness with the addition (if any pyrites is present) of a little 
nitric acid. The residue is taken up with hydrochloric acid, 
cooled, transferred to a graduated flask, and diluted to the mark. 
It is then shaken up, filtered through a dry filter, and a measured 
portion (containing about 0.05 gram of phosphoric acid) trans- 
ferred to a small beaker. Ten c.c. of a citric-acid solution of 
magnesia * is added, and then an excess of ammonia. If an 
immediate precipitate is formed, a fresh portion must be measured 
out and treated with 20 c.c. of the citrate of magnesia solution 
and with ammonia as before. The beaker is put aside for from 
two to twelve hours. The precipitate is then filtered off and 
Washed with weak ammonia; it contains the phosphorus as 
ammonium-magnesium phosphate. 

GBAVTMETBIC DETEBMINATION. 

If the phosphate is not already in the form of ammonic-inag- 
nesic phosphate, it is converted into this by the addition to its 
solution of an excess of ammonia and ^' magnesia mixture.*' In 
order to get the precipitate pure, the " magnesia mixture " is run in 

* This is made by adding 27 grams of magnesium carbonate (a little at 
a time) to a solution of 270 grams of citric acid in 350 c.c. of warm water ; 
and, when dissolved, adding 400 cc. of dilate ammonia, and making up the 
bnlk to I litre ; 20 c.c. of the solution is sufficient for 0.1 gram of Pfi^ 
although more will be required if much iron or alumina is present. 
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gradually (by drops) from a burette, with constant stirring. A 
white crystalline precipitate at once falls, if much phosphorus is 
present ; but, if there is only a small quantity, it may be an hour 
or two before it shows itself. The solution is best allowed to rest 
for twelve or fifteen hours (overnight) before filtering. The pre- 
sence of tartaric acid should be avoided ; and the appearance of 
the precipitate should be crystalline. The solution is decanted 
through a filter, and the precipitate washed with dilute ammonia, 
using as little as may be necessary. The precipitate is dried, 
tran^erred to a weighed Berlin or platinum crucible ; the filter- 
paper is carefully burnt, and its ash added to the precipitate, 
which is then ignited, at first gently over a Bunsen burner, and 
then more strongly over the blowpipe or in. the .muffle. The resi- 
due is a white mass of magnesium pyrophosphate containing 27.92 
per cent, of phosphorus, or 63.96 per cent.. of phosphoric oxide. 



VOLUMETRIC METHOD. 

Instead of separating and weighing this compound, the phos- 
phoric oxide in it can be determined by titration. In many cases 
the ore may be dissolved and immediately titrated without pre- 
vious separation. It is better, however, to carry the separation 
so far as to get phosphoric acid, an alkaline phosphate, or the 
magnesia precipitate. It may then be prepared for titration in 
the following way : — The precipitate in the last case (without 
much washing) is dissolved in a little hydrochloric acid, and the 
solution in any case rendered fairly acid. Dilute ammonia is 
added till it is just alkaline, and then 5 c.c. of the sodic acetate 
jind acetic acid mixture (as described under the Arsenic Assay). 
This should yield a clear distinctly-acid solution. It is diluted 
to 100 or 150 c.c, heated to boiling, and titrated with the ura- 
nium acetate solution, using that of potassic ferrocyanide as 
indicator. 

The standard solution required is made by dissolving 35 grams 
of uranium acetate in water with the aid of 25 c.c. of acetic acid, 
and diluting to i litre. 

An equivalent solution of phosphoric oodde is made by dis- 
solving 25,21 grams of crystallised hydric disodic phosphate 
(HNa,P0^.i2lI,0) in water, and making up to i litre. 100 c.c. 
will contain 0.5 gram of phosphoric oxide (PjO^), or 0.2183 grani 
of phosphorus. In making this solution, transparent crystals only 
must be used. The uranium acetate solution is only approxi- 
mately equivalent to this, so that its exact standard must be 
determined. 
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Sodic Acetate and Acetic Acid Solution. — It is the same as that 
described under Arsenic.* Use 5 c.c. for each assay. 

The following experiments show the effect of variation in the 
conditions of the titration : — 

Effect of Varying Temperature. — The solution should 
be titrated while boiling. This is especially necessary for the 
last few c.c. in order to get a decided and fixed finishing point. 

Temperature . . 15° C. 30** C. 70' C. 100° C. 
•' Uranium" required 18.0 c.c. 19.2 c.c. 19.0 c.c. 18.9 c.c. 

Effect of Varying Bulk. — 

Bulk .... 50.0 c.c. T00.0 c.c. 200.0 c.c. 300.0 c.c. 
" Uranium " required 18.8 „ 18.9 ., 19.0 „ 19.3 ,, 

Variation in bulk affects the results ; therefore, a constant bulk 
should be adhered to. 

Effect of Varying Sodium Acetate and Acetic Acid 
Solution. — 

Sodium acetate 
and acetic 
acid solution 0.0 c.c. i.oc.c. 5.0 c.c. 1 0.0 c.c. 20.0* c.c. 

** Uranium" re- 
quired . . 18.9 „ 18.9 „ 19.0 „ 18.8 „ 17.5 „ 

As in the titration with arsenates, an excess is dangerous to 
the assay; a definite quantity (5 c.c.) should, therefore, be used. 

Effect of Foreign Salts. — Besides the sodium acetate, <S^., 
added, the only salts likely to be present are those of ammonia 
and magnesia. In three experiments, in one of which no foreign 
salts were introduced, while in the other two 5 grams of ammonic 
chloride and of magnesium sulphate respectively were added, there 
were required : — 

With ammonic chloride . .18.8 c.c. "Uranium" solution 
With magnesium sulphate . .19.0 „ „ 

Without foreign salts . . . 18.9 „ „ 

Effect of Varying Phosphate. — 

" Phosphate '* solution added 10.0 c.c. 20.0 c.c. 50.0 c.c. loo.o c.c. 
"Uranium "required . . 9.8 „ 18.9 „ 47.6 „ 94.5 „ 

The quantity of phosphoric oxide in the assay solution for the 
conditions of titration should not be much less than 0.05 gram. 

* For the details of the titration, the student is referred to the same 
place. 
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For smaller quantities the uranium solution should be diluted to 
half its strength, and the assay solution concentrated by reducing 
its bulk to 50 c.c, and using 2.5 c.c. of the sodium acetate and 
acetic add solution. 

Determination of Phosphoric Oxide in Apatite. — Weigh 
up 0.5 gram of the dried and powdered sample, and dissolve it in 
5 c.c. of hydrochloric acid. Evaporate to a paste, add 5 c.c. of 
the sodic acetate and acetic acid solution, dilute to 100 c.c. with 
water, boil, and titrate with uranium acetate solution. 

In an example, 0.5 gram of apatite required 37.4 c.c. of uranium 
acetate solution (standard equal to 0.5291 gram of phosphoric 
oxide). The sample therefore contained 0.1979 gram of PjO^, 
equal to 39.58 per cent. 

Determination of Phosphoric Oxide in an Iron Ore. — 
Take 10 grams, boil with 50 c.c. of hydrochloric acid, and evapo- 
rate to a paste; take up with 10 c.c. of dilute hydrochloric acid, 
and dilute with water to 400 c.c. Pass sulphuretted hydrogen 
for nearly a quarter of an hour ; warm, and jGJ^ter. Boil off the 
excess of gas ; cool, add ammonia till nearly neutral, and then a 
few drops of ferric chloride solution, and 4 or 5 grams of sodium 
acetate, with a drop or two of acetic acid. Boil and filter. Dis- 
solve the precipitate in hot dilute hydrochloric acid, and add 
^citro-magnesia mixture and ammonia ; allow to stand overnight ; 
filter, ignite, and weigh. 

In an example, 10 grams of ore gave 28.5 milligrams of magnesic 
pyrophosphate, which is equivalent to 0.18 per cent, of phosphoric 
•oxide. 

Determination of Phosphorus in Iron. — Take from 2 to 
10 grams (according to the amount of phosphorus present), and 
dissolve in aqua regia, keeping the nitric acid in excess; eva- 
porate to dryness and take up with hydrochloric acid, boil, 
dilute, and filter. Add 10 c.c. of nitric acid, nearly neutralise 
with ammonia, render acid with 3 or 4 c.c. of nitric acid, and 
add 10 or 20 c.c. of ammonic molybdate solution. Heat for 
some time, allow to settle, filter, and wash the precipitate with 
a solution of ammonic nitrate. Dissolve the precipitate in 
dilute ammonia, nearly neutralise with dilute hydrochloric acid, 
and add first " magnesia mixture," and then ammonia ; allow to 
stand overnight ; filter, wash with dilute ammonia, dry, ignite, and 
^veigh as magnesic pyrophosphate. Calculate to phosphorus. 
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Crucible and sand 26.6485 grams 

Nitre taken i.oooo „ 



27.6485 ». 
Weight after ignition . . .27.1160 „ 

Loss on ignition 0.5325 t. 

This is equal to 53.25 per cent, of nitrogen pentoxide. 

VOLUMBTBIC DETBBMINATION. 

This is based on the oxidising action of nitric acid, or of nitrates 
in add solutions on ferrous salts. The pentoxide (N,0,) of the 
nitrate is reduced to nitric oxide (NO), so that 336 parts of iron 
peroxidised represent 108 parts of nitric pentoxide as oxidising 
agent.* The quantity of iron peroxidised is determined by taking 
a known quantity of ferrous salt, oxidizing with a weighed sample 
of nitrate, and then determining the residual ferrous iron by 
titration with bichromate or permanganate of potassium solution. 
The difference between the ferrous iron taken and that found, gives 
the amount oxidized by the nitrate. The speed with which nitric 
oxide takes up oxygen from the air, and thus becomes capable of 
oxidising more iron, renders some precautions necessary; ferrous 
chloride should, therefore, be used, since it is easier to expel 
nitric oxide (by boiling) from solutions of a chloride than it is from 
those of a sulphate. The process is as follows : — Dissolve 2 grams 
ofjthin soft iron wire in 50 c.c. of hydrochloric acid in a fla^ pro- 
vided with an arrangement for maintaining an atmosphere of 
carbon dioxide. When the iron has dissolved, allow the solution 
to cool, and add 0.5 gram of the nitrate. Heat gently for a few 
minutes, and then boil until the nitric oxide is expelled. An 
atmosphere of carbon dioxide must be kept up. Dilute with 
water, and titrate the residual iron with standard solution of bi- 
chromate of potassium. The standard '* bichromate " is made by 
dissolving 17.5 grams of the salt (K,Cr,Oy) in water, and diluting 
to I litre : 100 c.c. equal 2 grams of iron. Deduct the weight of 
iron found from the 2 grams originally taken, and multiply by 
0.3214. This gives the weight of the pentoxide in the sample. 
In an example, 0.5 gram of nitre was taken, and 59.4 c.c. of the 
*' bichromate" solution were required. The 59.4 c.c. thus used 
are equivalent to 1.198 gram of iron. This leaves 0.822 gram as 
the quantity oxidised by the nitre, which, multiplied by 0.3214, 
gives 0.2642 gram for the nitrogen pentoxide, or 52.8 per cent. 



♦ N,0, + 6FeO = 3Fe,0, + 2NO. 
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GASOMETBIC METHOD. 

This is based upon the measurement of the nitric oxide evolved 
on shaking up a weighed quantity of the nitrate with sulphuric 
acid over mercury in a nitrometer. Each c.c. of nitric oxide 
obtained, when reduced to normal temperature and pressure, is 
equivalent to : — 



0.627 milligram of nitrogen. 


1.343 


, of nitric oxide. 


2.418 


, of nitric pentoxide. 


2.820 


, of nitric acid. 


3.805 


„ of sodium nitrate. 


4.523 


, of potassium nitrate 



In working on substances not rich in nitrates, an ordinary 
nitrometer (fig. 69) is used ; but in the assay of sodium nitrate, 
nitroglycerine, &c., an instrument 
provided with a bulb having a 
capacity of 100 c.c. is employed. 

The plan of working is as fol- 
lows : — The " measuring tube " is 
filled with mercury until it reaches 
up into the tap, and the levelling- 
tube is placed so that it contains 
an inch or two of mercury. If 
the nitrate is in solution, 2 or 3 c. c. 
of the liquid (dilute liquids are 
brought to this bulk by evapora- 
tion) are measured into the cup. 
The levelling-tube is lowered a 
little, and the tap cautiously opened 
until all but the last drop of the 
liquid has run in. The cup is then 
rinsed with 2 or 3 c.c. of sulphuric 
acid, which is run in in the same^way, 
and the operation is repeated with 
another lot of acid. The measur- 
ing-tube is now taken from the clamp, and shaken for two or 
three minutes, until no more gas is given off. It is replaced, 
and the mercury-level in the two tubes adjusted. Then it is 
allowed to stand until the froth has subsided, and the gas has 
cooled to the temperature of the room. The volume of the 
gas is then read off. In adjusting the level, account must be 
taken of the sulpl)uric acid in the measuring-tube; this is 
allowed for by having the mercury lower in the other tube by, 




Fio. 69. 
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eaj, I mm. for each 6.5 mm. of sulphuric acid, or it is counter- 
poised hy an equal height of sulphuric add in the level- 
ling-tube, in which case the two mercury-levels are made to 
correspond. On opening the tap aft^er reading off the volume, 
there should be no change in the level of the mercury. If it 
should rise or fall a little, a slight increase or decrease (say o. i c.c.) 
is made to the volume previously read off. 

In working with nitrate of soda, <kc., in the bulb nitrometer, it 
is necessary to take a quantity of the substance which will yield 
more than 100 and less than 150 c.c. of the gas. 
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CHAPTER XVm. 
SILICON, CABBON, BOBON. 

SILICON AND SILICATES. 

In assaying, more especially products direct from the mine, there 
is always found, when the rock is siliceous, a quantity of white 
i^ndy-looking substance, insoluble in acids, which is sometimes 
accompanied by a light gelatinous material very difficult to 
£lter. This is variously described as " insoluble," " sand," " in- 
soluble silicates," "gangue," or "rocky matter." It may be 
pure quartz ; but oftener it is mixed with silicates from the rock 
•containing the mineral. Some silicates, but not many, are com- 
pletely decomposed by boiling with hydrochloric acid or aqua 
rogia ; and others are partly so, they yield a gelatinous precipitate 
of silica which greatly interferes with the jGJ^tering. It is a 
common practice with assayers to carry the first attack of the 
sample with acids to dryness, and to take up with a fresh portion 
of acid. By this means the separated silica becomes granular 
and insoluble, and capable of being filtered off and washed with 
comparative ease. 

This residue may be ignited and weighed ; and be reported as 
so much per cent, of " silica and silicates insoluble in acids." 
Unless specially wanted, a determination of its constituents need 
not be made. When required, the analysis is best made on the 
ignited residue, and separately reported as " analysis of the in- 
soluble portion." 

Silicon only occurs in nature in the oxidised state ; but the 
oxide generally known as silica (SiO,) is common, being repre- 
sented by the abundant minerals — quartz, flint, &c. Silica, 
combined with alumina, lime, oxide of iron, magnesia and the 
alkalies, forms a large number of rock-forming minerals. Most 
rock-masses, other than limestones, contain over 50 per cent, of 
silica. The following are analyses of some of the commoner 
silicates ; but it must be noted that these minerals often show 
great variation in composition. This is more especially true of 
chlorite, schorl, hornblende and augite. 
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Silicon, from a chemical point of view, is an interesting body. 
It combines with iron to form a silicide ; and is present in this 
condition in cast iron. Only in the case of the analysis of this 
and similar substances is the assayer called on to report the per- 
centage of silicon, Silicon is readily converted into silica by the 
action of oxidizing agents. Silica forms only one series of salts — 
the silicates — which have in many cases a complex constitution ; 
thus there are a large number of double silicates, which vary 
among themselves, not only in the relation of base to add (which 
is the essential difference), but also in the ratio of the bases between 
themselves (which varies with almost every specimen). 

Silica is detected by heating the substance with a fluoride and 
sulphuric acid in a platinum-crucible. On holding a rod, moistened 
with a drop of water, over the escaping fumes, the white crust of 
silica formed on the drop of water shows its presence. The 
insolubility of a fragment of the mineral in a bead of micro- 
cosmic salt, is also a very good test ; the fragment, on prolonged 
heating, does not lose its angular form. 

There is no dry assay for this substance, nor volumetric method ; 
when the determination is required, it^is carried out gravi- 
metrically and, genemlly, by the following plan. 

If the sample contains oxides, sulphides, &c., in any quantity, 
these are first dissolved out by treatment with acid, evaporated to 
dryness, taken up with hydrochloric acid, and filtered. The 
dried residue is treated in the same way as the silicates. Some 
silicates are completely decomposed by such treatment ; but it 
saves time (unless one is sure that no undecomposable silicate is 
present) to treat these in the same way as the others. On the 
other hand, there are some silicates which are only attacked with 
difficulty even by fusion with alkaline carbonates ; consequently, 
it is always well to have the substance reduced to the finest state 
of division by careful powdering, as this greatly assists the sub- 
sequent action. With very hard silicates, the grinding away of 
the mortal* in this operation will be perceptible ; the foreign 
matter thus introduced must not be ignored. Previously igniting 
the substance sometimes assists the powdering ; but it is best to 
use a steel mortar. The particles of steel can be removed by a 
magnet, or, where the nature of the substance will allow it, by 
boiUng with a little dilute hydrochloric acid. 

The dried and powdered material is intimately mixed with four 
times its weight of " fusion mixture " in a platinum -crucible or 
dish. It is then moderately heated over a Bunsen burner, and 
afterwards more strongly fused over a blast, or enclosed in a clay 
crucible in the wind-furnace. The action is continued until the . 
fused mass is perfectly tranquil. With very refractory substances, 
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the ai3tion must be long continued at a high temperature. When 
sufficiently cold, the crucible is examined to see that no particles 
of foreign matter are adheidng to its outer surface. It is then 
transferred to a five- or six-inch evaporating-dish, where its con- 
tents are acted upon with warm water for some time. The '^ melt " 
will slowly dissolve, but the solution should be hastened by keeping 
the liquid moderately acid with hydrochloric acid.' When the 
*^ melt " has dissolved, clean and remove the platinum-dish, and 
evaporate the solution to a paste. Continue the evaporation to 
dryness on a water-bath (not on the hot plate), and whilst drying 
stir with a glass rod, feeling at the bottom of the dish for any iin- 
fused particles, which, if present, can be detected by their gritti- 
ness. If there is much grit, it will be necessary to repeat the 
assay ; but with a small quantity it will only be necessary to re- 
fuse the grit and silica after ignition. 

During solution of the " melt " and evaporation (which may be 
carried on together), a clear solution will not be obtained, a 
flocculent silica will separate out, and towards the end of the 
evaporation the mass will get gelatinous. The drying of the 
jelly must be finished on the water-bath ; first, because at this 
temperature the silica is rendered insoluble in hydrochloric acid, 
whilst the solubility of the alumina, iron, &c., is unaffected, which 
would not be the case at a much higher temperature ; and second, 
because the gelatinous residue requires very cautious drying to 
prevent loss from spirting. The drying is continued till the mass 
becomes a dry powder, and acid fumes cannot be detected by 
smelling. Drying is assisted by stirring, and breaking-up the 
lumps. 

When dry, the substance is moistened, and heated with strong 
hydrochloric acid, and the sides of the dish are washed down with 
water. The silica is washed by decantation two or three times 
with hydrochloric acid and hot water, before being thrown on to 
the filter. It is washed free from chlorides with hot water, dried 
on an air-bath, transferred te a platinum-crucible, ignited gently 
at first, at last strongly over the blast or in a muffle, cooled in a 
dessicator, and weighed. 

The white powdery precipitate is silica (SiO,), and its weight, 
multiplied by 100, and divided by the weight of ore taken, gives 
the percentage of silica in the sample. Where the percentage of 
silicon is wanted, which is very rarely the case, it is got by multi- 
plying this result by 0.4667. It is always necessary to examine 
the purity of the body weighed as silica. This is done by re- 
fusing the material weighed, and re-determining the silica in it ; 
or, better, by mixing a weighed portion in a platinum-dish with a 
little strong sulphuric acid, covering with hydrofluoric acid, and 
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evaporating. In the latter case, the silica will be converted into 
fluoride, which will be driven off, and the impurities will be left 
behind as sulphates. Another method is to boil the silica with a 
strong solution of carbonate of soda.* The silica will dissolve, 
whilst the particles of quartz and undecomposed mineral (together 
with bases precipitable by sodic carbonate) will be left behind. 
The ignited silica is the amorphous variety, having a specific 
gravity of 2.3, whilst that of quartz is 2.6. 



EXAMINATION OF SILICATES. 

The following is an outline of the method usually adopted for 
the examination of these compounds. 

Moisture. — Five grams of the powdered sample is dried 
between watch-glasses in the water-oven for two hours, or till its 
weight is constant ; and the loss is reported as water lost at 
100** C. The rest of the determinations are made on this dried 
mineral. 

Combined Water, &c. — Weigh up 2 grams of the substance, 
and ignite over the blowpipe for some time in a platinum-crucible, 
cool in a desiccator, and weigh. Kecord the loss as '^loss on 
ignition." 

Silica. — Mix the ignited residue with from 8 to 10 grams of 
" fusion mixture " in the same crucible, and after gentle heating 
over a Bunsen burner, fuse till decomposition is complete. Cool, 
separate the silica by treatment with hydrochloric acid, as already 
described ; ignite and weigh. The silica may contain the oxides 
of tungsten, niobium, tantalum, tin, and perhaps titanium. When 
there is any reason for believing any of these to be present, the 
silica, after weighing, is treated with sulphuric and hydrofluoric 
acids in a platinum-dish, and ignited. The foreign oxides are 
determined in the residue, t 

* Six c.c. of a saturated solution of sodic carbonate and 12 c.c. of water 
are required for each o. i gram of silica. 

f This may be done by dissolving out the tungstic acid with ammonia, 
evaporating the filtrate, igniting, and weighing the tungstic acid (WO,) 
obtained. The residue is freed from tin by reducing in a current of 
hydrogen at a red heat, and extracting with aqua regia. The tin may be 
recovered from the solution by precipitating with sulphuretted hydrogen 
or zinc. The residue, fused with bisulphate of potash and extracted with 
cold water, gives the titanium in solution, from which it is recovered by 
prolonged boiling ; after ignition, it is weighed. The oxides of niobium 
and tantalum will be in the insoluble residue, and had better be weighed 
together. They are separated by treatment in a platinum-dish with 
hydric potassic fluoride, which dissolves the niobium (as 2KF,NbOF,), and 
leaves the tantalum as a sparingly soluble residue (2KF.TaFJ. 
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Second Group of Metals {Copper^ Lead, (Lv.). — The filtrate 
from the silica should be diluted to about 150 c.c, and a current of 
sulphuretted hydrogen passed till the solution smells of the gas. 
Warm and filter. Examine the precipitate for the metals which 
are supposed to be present. 

Iron and Alumina. — ^The filtrate is boiled till free from sul- 
phuretted hydrogen, and peroxidised with a few drops of nitric 
acid. Ammonic chloride and a slight excess of ammonia are then 
added, and the filtrate is boiled and filtered quickly. The pre- 
cipitate is washed, dried, ignited strongly, and weighed. If the 
precipitate is bulky, it should be dissolved off the filter with hot 
hydrochloric acid, and re-precipitated with ammonia, before being 
dried and ignited. The filtrate from the second precipitation is 
added to the main filtrate. The ignited precipitate will be ferric 
oxide and alumina, with (always) a trace of phosphoric oxide. 
After weighing, it is dissolved in a small beaker by covering with 
sulphuric acid, and adding a few drops of hydrochloric acid ; on 
warming, it rapidly dissolves. The iron is determined in the 
solution, after reduction, by titration with permanganate of potas- 
sium solution. The iron found is calculated to fenic oxide by 
multiplying its weight by 1.428 ; the result obtained is deducted 
from the weight of the combined oxides. The difference, after 
deducting the weight of phosphoric oxide (which is separately 
determined), is the weight of the alumina. The method for the 
direct estimation of the alumina and iron, described in the chapter 
on alumina, may be adopted. 

Metals of the Second Part of Group III. {Manganese, 
Zinc, dhc). — Evaporate the filtrate from the iron and alumina 
to a convenient bulk, and treat in succession with a few drops 
of ammonium sulphide and with ammonia. Allow to stand for an 
hour, and filter off any precipitate that may be formed. Examine 
this precipitate for any mettds that are supposed to be present.* 

Xiime. — ^The filtrate from the ammonic sulphide is heated to 
boiling, and treated with an excess of ammonic oxalate and 
ammonia. The excess is added in proportion to the lime present. 
After standing overnight, the precipitate is filtered off, washed 
with hot water, dried, and ignited. If its amount is small, it is 
strongly ignited over the blowpipe, and weighed as lime (CaO) ; 
but if in larger quantities, it should be ignited at a temperature a 
little below redness, and, when cold, treated with a drop or two of 
a saturated solution of ammonium carbonate ; after drying and 

♦ If the amnionic sulphide gives a coloured solution, it may be becaupe 
nickel (brown) vanadium (crimson) or, perhaps, traces of iron (green) are 
present. The ammonium sulphide of itself gives a clear yellow. On 
standing for a day or so, the colour is removed, and the raetals are pre- 
cipitated. 
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gently heating, it may be cooled and weighed as calcium carbonate. 
The weight of this, multiplied by 0.56, gives the weight of lime 
the percentage of which is reported in the analysis. 

Magnesia. — ^To the filtrate from the lime precipitate add 
phosphate of soda solution and strong ammonia ; stir well with 
a glass rod ; allow to stand overnight ; filter ; wash with dilute 
ammonia; dry, ignite, and weigh as magnesic pyrophosphate 
(MgjPjOy). The weight of this precipitate, multiplied by 0.3606, 
gives the magnesia (MgO). 

It must be remembered that the filtrate is charged with alkaline 
salts from the fusion mixture, and the salts added during the 
separations; consequently, the precipitates and filters must be 
well washed. The filtrate is of no further use. 

Potash and Soda. — Weigh out i gram of the dried ore, 
and mix with an equal quantity of ammonic chloride ; and to 
the mixture add gradually 8 grams of calcium carbonate (*' pre- 
cipitated "). Introduce into a platinum-crucible and cover loosely. 
Heat, at first, gently ; and then at a red heat for from forty to 
sixty minutes. Transfer to a porcelain dish, and digest with 60 
or 80 c.c. of water ; warm and filter ; to the filtrate add ammonic 
carbonate and ammonia, and filter; evaporate the filtrate to 
dryness, adding a few drops more of ammonic carbonate towards 
the end ; when dry, heat gently, and then raise the temperature 
to a little below redness. Dissolve in a small quantity of water, 
add a drop of ammonic carbonate, and filter through a small filter 
into a weighed platinum-dish. Evaporate, ignite gently, and 
weigh. The residue contains the soda and potash of the mineral 
as chlorides. 

To determine the proportion of potassium, dissolve this residue 
in a little water, add platinum chloride in excess, evaporate to a 
paste, extract with alcohol, decant through a small weighed filter, 
wash with alcohol, and diy at 100° C. Weigh. The substance is 
potassium platinic chloride (2KCl.PtCl^). Its weight, multiplied 
by 0.T941, will give the weight of potash (K,0). 

To find the proportion of soda, multiply the weight of the 
potassium platinic chloride by 0.306; this gives the weight of 
potassium chloride. Deduct this from the weight of the mixed 
chlorides first got; the difference will be the sodium chloride, 
which weight, multiplied by 0.53, will give the weight of soda 
(Na,0). 

Manganous Oxide. — The colour of the ''melt" in the first 
fusion for silica will give an indication as to the amount of man- 
ganese present. When present, it is best estimated in a separate 
determination. Take 5 grams of the mineral, and fuse with 
20 grams of ''fusion mixture"; separate the silica in the usual 
way ; and separate the iron from the filtrate by the basic acetate 
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method. Add ammonia and bromine water to the filtrate, and 
boil. Filter, ignite, and weigh as the brown oxide (MnjO^) ; its 
weight, multiplied by 0.93, gives the MnO. If other metals of 
group II. or III. are present in the mineral, this precipitate must 
be examined and purified. 

Ferrous Oxide. — ^When a quahtative test shows both ferric 
and ferrous oxide to be present, the proportion of the ferrous 
oxide must be separately determined. This is best done in tb& 
following way : — Take 2 grams of the mineral, and mix them with 

4 or 5 grams of powdercni fluoivspar free from iron. Cover with 
hydrochloric acid, and heat gently till the iron ia dissolved. Solu* 
tion is best effected in an atmosphere of carbonic acid. In about 
an hour the decomposition is complete, and the solution is diluted 
with cold water, and titrated with the solution of bichromate or 
of permanganate of potassium. The iron found is multiplied 
by 1.286, and reported as ferrous oxide. To find the proportion, 
of ferric oxide, the ferrous iron found is multiplied by 1.428, 
and this is deducted from the weight of ferric oxide obtained by 
precipitation with ammonia. The ammonia precipitate contains 
the whole of the iron as ferric oxide ; hence the necessity for cal- 
culating the ferrous oxide as feiric, and deducting it. 

Phosphoric Oxide (P,Oj). — Weigh up 5 grams of the finely- 
divided and dry sample, and digest with 10 or 20 c.c. of nitric 
acid ; evaporate to dryness on the water-bath ; take up with a 
little dilute nitric acid ; dilute with water ; and filter. Add a few 
grams of ammonic nitrate and 10 c.c. of ammonium molybdate 
solution, heat nearly to boiling, and allow to settle ; filter off, and 
wash the yellow precipitate. Dissolve with dilute ammonia, add 
*^ magnesia mixture,** and allow to stand overnight. Filter, wash 
with dilute ammonia, dry, ignite, and weigh as pyrophosphate of 
magnesia. The weight, multiplied by 0.6396, gives the weight of 
phosphoric oxide. 

Titanic Oxide (TiO,). — ^Take 2 grams of the powdered mineral, 
and moisten in a platinum-crucible with dilute sulphuric acid ; add 

5 C.C. of re-distilled hydrofluoric add (a little at a time). Cover 
the crucible, and heat in an air-bath at about 100° C. till dry. 
Add hydrochloric acid, heat, dilute and filter. Fuse the residue^ 
if any, with hydric potassic sulphate ; take up with water ; and 
add the solution to the main filtrate. Add a little chlorine water, 
and dilute to 500 c.c. Take a measured portion (say, one-half of 
this) ; dilute ; and precipitate the alumina, iron, and titanium by 
the basic acetate method. Dry, ignite, and weigh the precipitate^ 
Fuse with bisulphate of potash, extract the '* melt " with water at 
80* C. containing a little sulphuric acid, and transfer to a large 
beaker. Bender slightly alli^line with ammonia, acidify with a 
little sulphuric acid^ add 50 cc of a saturated solution of sul- 
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phurous acid, dilute to nearly a litre, and boil for twenty minutes. 
JB^ilter, dry, ignite, and weigh the precipitated oxide of titanium. 

The following analysis of a felsite, carried out as described, may 
be taken as an example of the calculations : — 

Moisture — 

5 grams lost 0,0125 gram = a25 7. 

Two grams of the dried mineral were taken, 

and this lost on ignition 0.0398 „ = 1.99 "/• 

And gave silica 1.4250 „ = 71.25 7, 

From the filtrate, the ignited oxides of aln* 
mina, iron, and phosphoric oxide weighed . 0.3076 „ „ 

This on solution and titration gave 0.0234 
gram of iron, which, multiplied by 1.428, gives 

ferric oxide 0.0344 „ = 1.677. 

Leaving for alumina and phosphoric oxide a 2742 „ 

Deducting the P,0, found , . . aoo32 „ =.ai6 7o 



= 13.567, 
= 1.707, 



= 0.527. 



Leaves alumina 0.2710 

The lime weighed 0.0340 

The pyrophosphate of magnesia weighed 0.0288 
Mg^PjOp which, multipUed by 0.3606, 

gives magnesia 0.0104 

A special determination for alkalies on i gram of the dried ore gave 

Mixed chlorides o. 1450 gram 

With which was obtained 0.2633 grani of potassic platinic 
Chloride X 0.306 gives . 0.0805 ,« of potassic chloride 
Mixed chlorides obtained 0.1450 „ „ 

Potassium chloride found 0.0805 „ x 0.6313 = 5.08 7. potash 



X 0.53 =3.42 7„soda. 
I gram of the dried ore gave 



Leaves sodic chloride . 0.0645 „ 

A special determination for alkalies on 
mixed chlorides a 1450 gram. 

With which was obtained 0.2633 gram of potassic platinic chloride 
which multiplied by 0.306 gives 0.0805 gram of potassic chloride. 

Mixed chlorides obtained o. 1450 gram 

Potassium chloride found 0.0805 „ x 0.631 3= Potash 5.08 7. 

Leaves sodium chloride 0.0645 „ x 0.53 = Soda 3.4270 

The special determination for phosphoric oxide was as follows : — 5 grams 
of the mineral gave 0.0127 gram of magnesic pyrophosphate, which, 
multiplied by 0.0396, gives 0.0081, or 0.16 7o ^2^4. The determinations 
are ranged in order for reporting, thus — 

Moisture 0.25 % 

Loss on ignition 
Silica 
Alumina . 



Ferric oxide 
Lime 
Magnesia 
Potash . 
Soda 
Phosphoric oxide 



1.99 : o 
71.25 7o 
13.56 7o 

1.67 7o 

1.83 7o 

5.08 "/, 

342 7o 
0.16 7. 



99.48 



2 A 
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•Ruttmation of Silica in Slags (Ferroas silicates). — ^Take i 
gram of the powdered slag, treat with aqna regia, evaporate to 
dryness, extract with hydrochloric acid, filter, dry, ignite, and 
fuse the ignited residue with " fusion mixture,'' then separate and 
weigh the silica in the usual way. Slags are for the most part 
decomposed hy hoiling with aqua regia, but it will be found more 
convenient and accurate to first extract with acids and then to 
treat the residue as an insoluble silicate. 

Estimation of '^Silioa and Insoluble SUioates" in an. 
Ore. — TaJce 2 grams of the powdered mineral, evaporate with 
nitric add (if sulphides are present), treat the dried residue (or 
the original substance if sulphides are absent) with 10 or 20 c.c. 
of hydrochloric add ; again evaporate to dryness, take up with 
dilute hydrochloric add, filter, wash, ignite, and weigh. 

Estimation of Silicon in Iron. — Place 2 grams of the metal 
(borings or filings) in a four-inch evaporating dish, and dissolve 
(with aid of heat) in 25 c.c. of dilute nitric acid. Evaporate to 
complete dryness, take up with 20 c.c. of hydrochloric add, and 
allow to digest for one hour. Boil down to a small bulk, dilute 
with a 5 per cent, solution of hydrochloric acid, boil, and filter. 
Wash with add and water, dry, ignite in a platinum crudble, and 
weigh the SiO,. This, multiplied by 0.4673, gives the weight of 
the silicon. The percentage is calculated in the usual way. 

PRACTICAL EXERCISES. 

1. A certain rock is a mixture of 70 per cent, of quartz, 25 per cent, of 

potash-felspar, and 5 per cent, of potash-mica. What per cent, of 
silica will it contain 7 

2. Two grams of a mixture of silica and cassiterite left, after reduction 

in hydrogen, 1.78 grams. Assuming all the oxide of tin to have 
been reduced, what will be the percentage of silica ? 

3. The formula of a compound is 2FeO.SiO,. What percentage of 

silica will it contain 7 

4. Two grams of a sample of ca.st-iron gave 0.025 gram of silica. Find 

the percentage of silicon in the metal. 

5. What weights of quartz and marble (CaCO,) would you take to make 

30 grams of a slag having the formula CaO.SiO, 7 



CABBON AND CABBONATE8. 

Cjirbon compounds enter so largely into the structure of 
oi-ganised bodies that their chemistry is generally considered apart 
fi'om that of the other elements under the head of Organic 
CJiemistry, Carbon occurs, however, among minerals not only in 
the oxidised state (as carbonates), but also in the elementary form 
(as in diamond and graphite), and combined with hydrogen, 
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oxygen, &xi. (as in petroleums, bitumens, lignites, shales, and coals). 
In small quantities "organic matter" is widely diffused in 
minerals and rocks. In shales and clays it may amount to as 
much as lo or 20 per cent, (mainly as bituminous and coaly 
matters). 

The assayer has only to take account of the organic matter 
when it is of commercial importance, so that in assays it is 
generally included under " loss on ignition." 

In coals, shales, lignites, &c., the carbon compounds ai-e, on 
heating, split up into oils and similar compounds. The products 
of distillation may be classified as water, gas, tars, coke, and ash. 
The assay of these bodies generally resolves itself into a distilla- 
tion, and, in the case of the shales, an examination of the 
distillates for the useful oils, paraffin, creosote, &c., contained in 
them. 

Elementary carbon is found in nature in three different forms, 
but these all re-act chemically in the same way. They combine 
with oxygen to form the dioxide.* The weight of oxygen required 
to bum a given weight of any form of carbon is the same, and 
the resulting product from all three has the same characteristic 
properties. Carbon dioxide is the common oxide of carbon. A 
lower oxide exists, but on burning it is converted into the dioxide. 
Wherever the oxidation of carbon takes place, if there is sufficient 
oxygen, carbon dioxide (carbonic acid) is formed ; this re-action 
is the one used for the determination of carbon in bodies generally. 
The dioxide has acid properties, and combines with lime and other 
bases forming a series of salts called carbonates. 

The carbon-compounds (other than carbonates, which will be 
rsubsequently considered) occurring in minerals are generally 
characterised by their sparing solubility in acids. The diamond 
is distinguished from other crystals by its hardness, lustre, and 
specific gravity. It may be subjected to a red heat without being 
iipparently affected, but at a higher temperature it slowly burns 
away. Graphite, also, bums slowly, but at a lower temperature. 
The other bodies (coals, shales, &c.) differ considerably among, 
themselves in the temperature at which they commence to bum. 
Some, such as anthracite, burn with little or no flame, but most 
^ve off gases, which burn with a luminous flame. They deflagrate 
when sprinkled on fused nitre, forming carbonate of potash. In 
making this test the student must remember that sulphur and, in 
fact, all oxidisable bodies similarly deflagrate, but it is only in the 
case of carbon compounds that carbonate of potash is formed. 
Carbon unites with iron and some of the metals to form carbides ; 

* C + O, =-. CO,. 
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combined carbon of this kind is detected by the odour of the car<^ 
buretted hydrogen evolved when the metal is treated with hydro* 
chloric acid ; for example, on dissolving steel in acid. 

The natural carbon compounds, although, speaking generally, 
insoluble in hydrochloric or nitric acids, are more or less attacked, 
by aqua regia. The assayer seldom requires these compounds to 
be in solution. The presence of "organic matter"* interferes, 
with most of the reactions which are used for the determination 
of the metals. Consequently, in such cases, it should be removed 
by calcination unless it is known that its presence will not interfere* 
When calcination is not admissible it may be destroyed by hea^g- 
with strong sulphuric acid and bichromate or permanganate of 
potash or by fusion with nitre. 

Carbon may be separated from other substances by conversion 
into carbon dioxide by burning. In most cases substances soluble 
in acids are first removed, and the insoluble residue dried, weighed, 
and then calcined or burned in a current of air. The quantity of 
'^ organic matter'' may be determined indirectly by the loss the^ 

substance undergoes, but it 

/is better to determine the* 
" organic carbon " by con~ 

fining the calcination in a. 
Fig. 70. tube, and collecting and 

weighing the carbon dioxides- 
formed. Each gram of carbon dioxide is equivalent to 0.2727- 
gram of carbon. 

Instead of a current of oxygen or air, oxide of copper may- 
be more conveniently used. 
The operation is as follows: — 
Take a clean and dry piece o! 
combustion tube drawn out and 
closed at one end, as shown in 
the figure (fig- 70), and about 
eighteen inchesl ong. Eit it with 
a perf ordted cork connected with 
a U-tube (containing freshly- 
fused calcium chloride in coarse 
Fig. 71. grains) and a set of potash 

bulbs (fig. 71) (containing a 
strong solution of potash), the exit of which last is provided with 
a small tube containing calcium chloride or a stick of potash. 
Both the U-tube and bulbs should have a loop of fine wire, by 
which they may be suspended on the hook of the balance for con- 

« For example, soluble organic acids formed by partial oxidation with 
siitric acid. 
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venience in weighing. They must both be weighed before the 
combustion is commenced ; to prevent absorption of moisture dur- 
ing weighing, &c., the ends are plugged with pieces of tube and 
^lass rod. 

Fill the combustion tube to a depth of about eight inches with 
some copper oxide, which has been recently ignited and cooled in 
a close vessel. Put in the weighed portion for assay and a little 
fresh copper oxide, and mix in the tube by means of an iron wire 
shaped at the end after the manner of a corkscrew. Put in some 




Fig. 72. 

more oxide of copper, and clean the stirrer in it. Close loosely 
with a plug of recently ignibed asbestos, place in the furnace, and 
connect the U-tube and bulbs in the way shown in the sketch 

(fior. 72). 

See that the joints are tight, and then commence the combustion 
by lighting the burners nearest the U-tube; make the first three 
or four inches red-hot, and gradually extend the heat backwards 
the length of the tube, but avoid too rapid a disengagement of gas. 
When gas ceases to come off, open the pointed end of the tube 
and draw a current of dried air through the apparatus. 

The carbon dioxide is absorbed in the potash bulbs, and their 
increase in weight multiplied 0.2727 gives the amount of carbon 
in the substance taken. 

The increase in weight in the calcium chloride tube will be due 
to the water formed by the oxidation of the combined hydrogen. 
If this last is required the increase in weight multiplied by cm 
<nves its amount. 
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COALS. 



Tlie determination of the actual carbon in coals and shales is 
seldom called for ; if required, it would be performed in the way 
just described.* The ordinary assay of a sample of coal involves 
the following determinations — moisture, volatile matter, ^xed 
carbon, ash, and sulphur. These are thus carried out : — 

Determination of Moisture. — Take 3 grams of the powdered 
sample and dry in a water-bath for an hour or so. The loss is 
reported as moisture. Coals carry from i to 2 per cent. If the 
drying is carried too far, coals gain a little in weight owing to 
oxidation, so that it is not advisable to extend it over more than 
one or two hours. 

Determination of Volatile Matter. — ^This determination is 
an approximate one, and it is only when working under the 
same conditions with regard to time, amount of coal taken, and 
degree of heat used, that concordant results can be arrived at. 
It is a matter of importance whether the coal has been previously 
dried before heating or not, since a difference of 2 per cent, may 
be got by working on the dried or undried sample. Take 2 grams 
of the powdered, but undried, sample of coal, place in a weighed 
platinum crucible, and support this over a good Bunsen burner 
by means of a thin platinum -wire triangle. The heat is continued 
until no further quantity of gas comes off and bums at the mouth. 
This takes only a few minutes. The cover is tightly fitted on, and 
when cold the crucible is weighed. The loss in weight, after 
deducting the moisture, gives the "volatile matter," and the 
residue consists of " fixed carbon " and " ash." 

Determination of Ash. — The coke produced in the last opem- 
tion is turned out into a porcelain dish and ignited over a Bunsen 
burner till the residue is free from particles of carbon. Calcination 
is hastened by stirring with a platinum wire. The operation may 
be done in a muffle, but this gives results a few tenths of a per 
cent, too low. The dish is cooled in a dessicator, and weighed. 
The increase in weight gives the amount of " ash," and the dif- 
ference between this and the weight of the coke gives the " fixed 
carbon." 

The assay is reported as follows : — 

Moisture at 100° C — per cent. 

Volatfle matter — „ 

Fixed carbon — „ 

4^^ — 

contains sulphur — per cent. 

* For coals, and other bodies containing sulphur, chromate of lead 
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Determinatioii of Sulphur. — ^The sulphur exists in the coal 
partly in organic comhinatibn, partly as metallic sulphide (iron 
pyrites, marcasite, &c,), and, perhaps, as sulphate. So that the 
sulphur determination must be separately reported, since a. 
portion will go off with the volatile matter, and the remainder 
would be retained and weighed with the coke. 

The sulphur is thus determined : — ^Take i gram of the coal and 
mix with 1.5 gram of a mixture of 2 parts of calcined magnesia and 
I part of carbonate of soda, and heat in a platinum crucible for 
one hour or until oxidation is complete. Turn out the mass and 
extract it with water and bromine, filter, acidulate with hydro- 
chloric acid, boil off the bromine, and precipitate with baric 
chloride (estimating gravimetrically as given under Sulphur^. 
Another method is as follows: — Take i gram of the coal and 
drop it gradually from a sheet of note paper on to 5 grams of 
fused nitre contained in a platinum dish. Extract with water^ 
acidify with acetic acid, and estimate volumetrically as described 
under Svlphur, 

Calorific Effect of Coals. — ^The heat-giving value of a coal 
is best expressed in the number of pounds of water, previously 
heated to the boiling point, which it will convert into steam. 
This is generally termed its evaporative- 
power. It may be determined by means of 
the calorimeter (fig. 73). This consists of a 
glass cylinder marked to hold 29.010 grains 
of water. The instrument consists of a per- 
forated copper stand, provided with a socket 
and three springs. The socket holds a 
copper cylinder which is charged with 30 
grains of the dried coal mixed with 300 
grains of a mixture of 3 parts of potassium 
chlorate and i part of nitre. The charge is 
well packed in the cylinder and provided 
with a small fuse of cotton saturated with 
nitre. Fill the glass cylinder to its mark 
with water and take the temperature with a 
thermometer marked in degrees Fahrenheit. 




Fig. 73. 



Ignite the fuse and 
immediately cover with the outer copper cylinder (extinguisher- 
fashion), which will be held in its place by the springs. The 
stop-cock should be closed before this is done. Place the appa- 
ratus quickly in the cylinder of water. When the action is over 
open the stop-cock and agitate the water by raising and lowering 
the instrument a few times. Again take the temperature. The 

should be used instead of oxide of copper ; and the temperature should be 
limited to d^ll redness. 
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rise in temperature, plus lo per cent, for the heat used in warming 
the apparatus and lost by radiation, gives the evaporative-power. 
The following is an example : — 

Temperature before experiment . . 67.0° F. 



Temperature after 
Rise 



TVth 



Gives 
One pound of the coal will evaporate 13 



79.0 



12.0 
1.2' 



. 132 „ 
pounds of water. 



SHAIiES, ETC. 

The assay of these is carried out in the same way as that of 
coals, 'but the volatile matters are separately examined, and, in 
consequence, a larger quantity of material must be used. For the 
moisture, volatile matter, fixed carbon and ash, the determinations 
are the same, but a special distillation must be made to obtain a 
sufficient quantity of the volatile products for subsequent exami- 
nation. Take 500 or 1000 grams of the well-sampled and 
powdered shale, and introduce into a cast-iron retort as shown in 
fig. 74. Lute the joint with fire-clay, place the cover on, and 




Fig. 74. 

l)olt it down. The bolts should have a covering of fire-clay to 
protect them from the action of the fire. Place the retort in a 
wind furnace, supporting it on a brick, and pack well around with 
coke. Build up the furnace around and over the retort with 
loose fire-bricks, and heat gradually. 

As soon as water begins to drip, the tube of the retort is cooled 
by wrapping a wet cloth around it, and keeping wet with water. 
The water is kept from running into the receiver by a ring of 
damp fire-clay. A quantity of gas first comes over and will be 
lost, afterwards water and oily matters. The retort must be red 
hot at the close of the distillation, and when nothing more distils 
off, which occurs in about two or three hours, the wet cloth is 
removed, and the tube heated with a Bunsen burner to drive 



CAKBON AND CARBONATES. 377 

forwaxd the matter condensed in it into the receiver, and thus to 
clean the tube. It can be seen when the tube is clean by looking 
up through it into the red-hot retort. The receiver is then 
removed, and the retort, taken from the furnace, is allowed to 
cool. When cold it is opened, and the fixed carbon and ash 
weighed, as a check on the smaller assay. 

The distillate of water and oil is warmed, and will separate into 
two layers, the upper one of which is oO, and the lower water. 
These are measured, and if the specific gravity of the oil is taken, 
its weight may be calculated. If the two liquids 
do not separate well, the water may be filtered off, o 

after cooling, through a damped filter. The sepa- 
ration is, however, best effected in a separator 
(&g, 75). The liquids are poured into this, allowed 
to settle, and the lower layer drained off. The 
volume of the water is measured and its weight 
•calculated in per cents, on the amount of shale 
taken. 

Examination of the Oil. — A silifficient quantity 
of the oil must be got, so that if one distillation does 
not yield enough, the requisite quantity must be ob- 
tained by making two or more distillations. The 
oils are mixed, and the mixture, after having had 
its volume and specific gravity ascertained, is 
placed in a copper retort, and re-distilled with the Fig. 75. 
aid of a current of steam. The residue in the 
retort is coke. 

The distillate is separated from the water by means of the 
separator, and shaken for ten minutes with one-twentieth of its 
bulk of sulphuric acid (sp. g. 1.70). The temperature should 
not be allowed to rise above 40*". Allow to stand, and run off the 
^* acid tar." 

The oil is now shaken up with from 10 c.c. to 20 c.o. of sodic 
hydrate solution (sp. g. 1.3), allowed to stand, warmed for half-an- 
hour, and the " soda-tar " run off. 

On mixing this soda- tar with dilute acid, the " crude shale oil 
creosote" separates, and is* measured off. 

The purified oil is nexlb re-distilled in fractions, which come 
over in the following order : — " Naphtha," " light oil," " heavy 
oil," and " still bottoms." For the first product, which is only 
got from certain shales, the receiver is changed when the distiUate 
has a specific gravity of 0.78. For the second product the process 
is continued tOl a drop of the distillate, caught as it falls from the 
neck of the retort on a cold spatula, shows signs of solidifying. 
This is " crude light oil." 
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The receiver is changed, and the *' heavy oil " comes over ; 
towards the end a thick brown or yellow viscid product is got. 
The receiver is again changed, and the distillation carried to dry- 
ness. 

The "crude light oil" is washed cold with 2 per cent, of sulphuric 
acid (concentrated), and afterwards with excess of soda. Thus 
purified it is again distilled to dryness, three fractions being col- 
lected as before. Kaphtha, which is added to the main portion, 
and measured ; " light oil," which is also measured ; and " heavy 
oil," which is added to that got in the first distillation. This last 
is poured into a flat-bottom capsule, and allowed to cool slowly. 
The temperature may with advantage be carried below freezing- 
point. The cooled cake is pressed iKdtween folds of linen, and the 
paraflin scale detached and weighed. 

The results may be reported thus : — 

Naphtha, sp. g. . 
Light oil, sp. g. . 
Heavy oil, sp. g. 
FarafSn scale 
Coke, &c. . 

The results are calculated in per cents, on the oil taken. Some 
workers take their fractions at each rise of 50" C. The composi- 
tion of average shale, as given by Mills, is as follows : — Specific 
gravity, 1.877 y moisture, 2.54. 

Gas j 

Volatile matter, water, ammonia . J> 23.53 

OU ) 

Fixed carbon 12.69 

Ash 63.74 



99.96 

The ash is made up of silica, 55.6 ; ferric oxide, 12.2 ; alumina^ 
22.14; lime, 1.5 ; sulphur, 0.9; soluble salts (containing 0.92 per 
cent, sulphuric oxide), 8.3. 

Total sulphur in shale . . 1.8 per cent. 
„ „ in ash . . 1.3 „ 

For further information on these assays, and for the assay of 
petroleums, bitumens, &c., the student is referred to Allen's 
" Commercial Organic Analysis," Vol. II. 

Determination of Organic Carbon in a Iiimestone. — Take 
1 or 2 grams and dissolve with a very slight excess of dilute 
hydrochloric acid, evaporate to dryness, and determine the carbon 
in the residue by combustion with copper oxide. 
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Estimation of Carbon in a Sample of Graphite (Black- 
lead). — Weigh up I or 2 grams in a dish and calcine in the 
muffle till the carbon is burnt off. Weigh the residue, and calcu- 
late the carbon by difference. 

Determination of Carbon in Iron. — ^The carbon exists iw 
two states — free (graphite) and combined. The following process 
estimates the total carbon : — ^The carbon existing as graphite may 
be separately estimated in another portion by the same process, but 
using hydrochloric acid to dissolve the iron instead of the copper 
solution : — Weigh up 2 grams of the iron (or a larger quantity if 
very poor in carbon), and attack it with 30 grams of ammonic-cupric 
chloride* dissolved in 100 c.c. of water. Let the reaction proceed 
for a quarter-of-an-hom*, and then warm until the copper is dis- 
solved. Allow to settle, and filter through a filtering-tube. This 
is a piece of combustion tube drawn out and narrowed at one end, 
as shown in fig. 76. The narrow part is blocked with a pea of 



Fig. 76. 

baked clay, and on this is placed half-an-inch of silica sand (pre- 
viously calcined to remove organic matter), then a small plug of 
asbestos, and then a quarter-of-an-inch of sand. The tube is con- 
nected with a pump working at a gentle pressure, and the solution 
is filtered through the tube with the aid of a small funnel (fig. 77), 
The residue is washed, first with dilute hydrochloric acid, and 





Fig. 77. 



Fig. 78. 



then with distilled water. The tube is dried by aspirating air 
through it, and gently warming with a Bunsen burner. The tube 
is then placed in a small combustion-furnace, and connected with 
calcium chloride and potash bulbs, as shown in fig. 78. The 

* This may be prepared by dissolving 534 grams of ammonium chloride- 
and 854 grams of crystallized oupric chloride (CuCly2H,0) in hot water* 
and crystallizing. 
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potash bulb to the right of the figure must be weighed. A slow 
stream of air is drawn through the apparatus, and the heat 
gradually raised ; in from thirty minutes to one hour the combus- 
tion will be complete. The potash bulbs are then disconnected 
and weighed, and the increase multiplied by 0.2727 gives the 
weight of carbon. 

CABBOKATES. 

Carbon dioxide, which is formed by the complete oxidation of 
carbon, is a gas with a sweetish odour and taste, having a strong 
affinity for alkalies, and forming a series of compounds termed 
csLrhon&teB, The gas itself occurs in nature, and is sometimes met 
with in quantity in mining. The carbonates occur largely in nature, 
forming mountain masses of limestone, &c. Carbonates of many 
of the metals, such as carbonate of lead (cerussite), carbonate of 
iron (chalybite), carbonates of copper (malachite and chessylite), 
and carbonate of magnesia (magnesite), are common. 

All the carbonates (those of the alkalies and alkaline earths 
excepted) are completely decomposed on ignition into the oxide of 
the metal and carbon dioxide ; but the temperature required for 
this decomposition varies with the nature of the base. All car- 
bonates are soluble with effervescence in dilute acids ; some, such 
as chalybite and magnesite, require the aid of heat. The alkaline 
carbonates are soluble in water ; the rest, with the exception of 
the bicarbonates, are insoluble therein. 

Carbonates are recognised by their effervescence with acids — a 
stream of bubbles of gas are given off which collect in the tube, 
and possess the property of extinguishing a lighted match. The 
most characteristic test for the gas is a white precipitate, which is 
produced by passing it into lime or baryta-water, or into a solu- 
tion of subacetate of lead. 

The expulsion of carbon dioxide by the stronger acids serves for 
the separation of this body from the other acids and bases. 

Dry Assay. — There is no dry assay in use. Any method 
which may be adopted will necessarily be applicable only to specied 
compounds. 

WET METHODS. 

There are several methods in use which leave little to be desired 
either in speed or accuracy. We will give (i) a gravimetric 
method in which the estimation may be made directly by weighing 
the carbonic acid, or, indirectly, by estimating the carbon dioxide 
/rom the loss ; (2) a volumetric one, by which an indirect deter- 
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mination is made of the gas ; and (3) a gasometric method, in 
which the volume of carbon dioxide given off is measured, and its 
weight deducted. 

Direct Gravimetric Method. — Fit up the apparatus shown 
in the diagram (fig. 79). The various tubes are supported by a* 




rrrDi 



Fio. 79. 

fixed rod with nails and wire loops, and connected by short lengths^ 
of rubber-tubing. The first tube contains soda-lime. The small 
flask is fitted with a rubber-stopper perforated with two holes, 
through one of which passes the tube of a pipette holding 25 or 
30 c.c. This pipette is to contain 
the acid. The substance to be 
determined is weighed out into the 
flask. The second tube contains 
strong sulphuric acid ; the third, 
pumice stone, saturated with copper 
sulphate solution, and dried until 
nearly white (at 200* C.) ; the 
fourth contains recently fused cal- 
cium chloride ; and the fifth, which 
is the weighed tube in which the 
carbonic acid is absorbed, contains calcium chloride and soda-lime,*^ 
as shown in fig. 80. The sixth also contains calcium chloride and 
soda-lime ; its object is to prevent the access of moisture and car- 
bonic acid to the weighed tube from this direction ; it is connected 
with an aspirator. 

Having weighed the U-tube and got the apparatus in order, 
weigh up I, 2, or 5 grams of the substance and place in the flask. 
Fill the pipette with dilute acid, close the clamp, and cork the 
flask. Then see that the apparatus is tight. Open the clamp 

* Soda-lime is made by dissolving 100 grams of " soda" in water, and care- 
fully slaking 200 grams of lime with it. Evaporate to dryness in an iron 
dish and ignite at a low red heat in a crucible. Use the small lumps. 
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iind allow from 10 to 20 c.c. of the acid to run on to the assay. 
Oarbonic acid will be evolved and will be driven through the tubes. 
The gas should bubble through the sulphuric acid in a moderate 
and regular stream. When the effervescence slackens the clamp 
is opened and the greater part of the remaining acid run in. 
When the effervescence has ceased the clamp is opened to its full 
extent and a current of air drawn through with an aspirator. A 
gentle heat is applied to the flask ; but it should not be prolonged or 
carried to boiling. After the removal of the heat a gentle current 
of air is drawn through the apparatus for 30 or 40 minutes. 
The weighed U-tube, which in the early part of the operation 
wfll have become warm if much carbonic acid was present, will 
by this time be cold. It is disconnected, plugged, and weighed. 
The increase in weight is due to the carbon dioxide of the sample. 
Edcample. — Ore taken i gram. 

Weight of tube, before . . 42.6525 grams 
„ „ after . 43.0940 „ 

Increase equals COj . . . 0.4415 „ 

Indirect Gravimetrio, or Determination by Loss. — Take 
a Geissler's carbonic-acid apparatus (fig. 81) 
and place in the double bulb some strong sul- 
phuric acid. Put into the other bulb, the stop- 
cock being closed, 3 or 4 c.c. of nitric acid 
diluted with water. Leave the apparatus in 
the balance-box for a few minutes and weigh. 
Introduce into the flask (through A) about 
I gram of the powdered substance and again 
weigh to find the exact amount added. Allow 
the acid to run gradually on to the carbonate, 
Fig. 81. and when solution is complete, heat and aspi- 

rate. Cool and again weigh; the loss in 
weight is the carbonic acid. 

For Example :— 

Weight of apparatus and acids . 85.494 grams 

„ „ marble . 86.879 »» 

Equal to marble taken .... 1.385 „ 

Weight of apparatus and marble . . 86.879 grams 
„ „ minus carbonic acid 86.2692 ,, 




^qual to carbonic acid .... 0.6098 

1.385 : 100 : : 0.6098 : x 
X = 44.03 per cent. 
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The substance contains 44.03 per cent, of carbonic acid; a 
duplicate experiment gave 43.73 per cent. 

This method is quicker, but less exact, than the direct gravi- 
metric determination. 

VOLUMETBIC METHOD. 

This, which is of somewhat limited application, is based upon 
the determination of the quantity of acid required to decompose 
the carbonate. It consists in adding to a weighed quantity of 
the mineral a known amount of standard solution of add which 
is in excess of that required to effect the decomposition. The 
quantity of residual add is then determined by titrating with 
standard solution of alkali This method has been described 
under Lime, 

GASOMETBIC METHOD. 

This method is the quickest of all, and the least troublesome 
after the apparatus has been once prepared. It yields fairly 
accurate results when worked in the manner described below; 
but if greater precautions are taken the results are exact. It 
depends on the measurement of the volume of gas given off on 
treating the weighed sample with acid. The apparatus described, 
page 52, is used. Weigh out a portion of the mineral which 
shall contain not more than 0.15 gram of carbonic acid (or 0.4 
gram of carbonate of lime) and put it in the bottle. Put in the 
inner tube 10 c.c. of dilute hydrochloric acid (i-i), cork tightly, 
and read off the level of the liquid in the burette after adjusting 
the pressure. Turn the acid over on to the mineral. Run out 
the water so as to keep the level in the two burettes the same. 
When effervescence has ceased, rotate the contents of the bottle ; 
finally, adjust the level in the burettes and read off the volume. 
The increase in volume is due to the evolved carbon dioxide. At 
the same time read off the ^^ volume corrector." 

Some of the carbon dioxide remains dissolved in the acid in the 
generating bottle, and the quantity thus dissolved will depend on 
the amount of carbonate as well as on the amount of acid present. 
Consequently, a measured qiiantity of acid should be used in each 
assay and a comparative experiment made with a known weight 
of pure carbonate of lime which will yield about the same volume 
of gas. The number of c.c. of gas got in the assay multiplied by 
4. 7 will give the number of milligrams of pure carbonate of lime 
that must be taken for the standard. With ordinary work the 
error rarely exceeds half a c.c. 
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The following example will illustiate the calculations : — 

One gram of a mineral was taken, and yielded 49.0 c.c. of gas. 
The " volume corrector " reading was 100.4 c.c. 

0.2405 gram of pure carbonate of lime was then taken, and 
treated in the same way ; 50.5 c.c. of gas were got. The volume 
corrector still read 100.4 c.c. 

0.3405 gram of carbonate of lime is equivalent to 0.1058 gi*am 
of carbon dioxide ; then, 

50.5 : 49.0 :: 0.1058 : x 
X = 10.26 per cent. 

Estimation of Carbonic Acid in the Air of Mines. — Ac- 
cording to a series of analyses by Angus Smith, the proportion of 
carbonic acid in the air of underground workings varied from 
0.04 to 2.7 per cent, by volume. In places where men are 
working the proportion ought not to reach 0.25 per cent. 

A simple method of determining whether a sample of air 
reaches this limit (0.25 per cent.) is described by Dr. C. Le Neve 
Foster in the " Proceedings of the Mining Association and Insti- 
tute of Cornwall" for 1888. The apparatus used is an ordinary' 
corked 8-ounce medicine bottle. This is filled with the air to 
be examined by sucking out its contents with a piece of rubber- 
tube. Half-an-ounce of dilute lime-water* (tinted with phenol- 
phthalein) is poured in. If, on corking the bottle and shaking, 
the colour is not discharged, the air contains less than 0.25 per 
cent, of carbon dioxide. " If the colour fades slowly, and does 
not finally vanish till after a great deal of shaking, it may be 
assumed that the percentage of carbon dioxide does not greatly 
exceed one quarter ; whereas, if the disappearance is rapid after a 
veiy few shakes, the contrary, of course, is the case." The dilute 
lime-water is measured out and carried in ordinary half-ounce 
phials. This method does not pretend to great accuracy, but .as a 
method of distinguishing between good and bad air it is very 
convenient, and will be found useful. 

For determining the actual proportion in the air the following 
plan is adopted : — Take a bottle which will hold about 50 ounces^ 
and measure its capacity; fill the bottle with the air to be ex- 
amined, pour in 100 c.c. of lime-water, and shake up for some 
time ; add phenolphthalein, and titrate the remaining calcium 
hydrate with standard solution of oxalic acid. 

The solution of oxalic acid is made by dissolving 2.25 grams of 
re-crystallised oxalic acid {^f^fi^,2H.fi) in water and diluting to 
I litre. One c.c. = 0.00 1 gram of lime (CaO), or 0.0007857 gram 
of carbon dioxide. 

♦ Made by diluting i part by measure of saturated lime-water up to 
10 with recently boiled distilled water. 
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Take 100 c.c. of the same lime-water, to which add the same ^ 
amount of phenolphthalein as before. Titrate. The difiEerence 
between the two readings gives the amount of lime precipitated 
as calcic carbonate by the carbon dioxide. 

The amount of carbon dioxide is calculated from this by multi- 
plying by 0.7857. This quantity in milligrams divided by 1.972 
gives the number of c.c. of carbon dioxide at o** C. and 760 m.m. 
The volume of air taken, which is that of the bottle less 100 c.c, 
must in accurate work be reduced to the normal temperature and 
pressure.* The percentage by volume can then be calculated. 

PRACTICAL EXERCISES. 

1. In a gasometric determination 71.3 c.c. of gas were obtained from 

0.2055 gram of mineral. The " volume corrector " reading was 
102.2 c.c. 0.3445 gram of pure carbonate of lime gave 74. i c.c. 
The "volume corrector" reading was 100.6. What is the per- 
centage of carbon dioxide in the substance 7 

2. What volume of dry gas at 0° C. and 760 m.m. pressure should be 

obtained from 0.3445 gram of carbonate of lime ? i c.c. of CO, 
under these conditions weighs 1.97 milligrams. 

3. A sample of coal is reported on as follows : — 

Specific gravity . . . 1.315 
Moisture . . . . i.ooi 

Volatile matter . ' . . 35.484 
Fixed carbon . . .50.172 
Ash 12.028 



What is there about this requiring explanation ? 

4. Calculate the percentage of carbonic acid in a mineral from the 

following data : — 

Weight of apparatus and acids .... 87.0888 grams 
„ „ „ plus mineral . . 88.8858 „ 
„ „ „ after loss of car- 
bonic acid. . 88.1000 „ 

5. A sample of pig iron contains 1.43 per cent, of "combined" and 

2.02 per cent, of " free " carbon. Taking 2 grams of it for each 
determination, what weight of CO5J will be got on burning the 
residue from solution in ammonium cupric chloride, and what 
from the residue after solution in hydrochloric acid 1 

BORON AND BORATES. 

Boron occurs in nature as boric acid or sassoline (II3BO3); 
borax or tincal (NajB^Oy.ioHjO); ulexite or boronatrocalcite 
(2CaBP7.Na,Bp,) ; borocalcite {CaBfij.4lIfi); boracite, 
2Mg3BQ0i5.MgCl„ and some other minerals. Boric acid is also a 

♦ See under Gasometric Assays. 

2 B 
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constituent of certain silicates, such as tourmaline, azinite, and 
datholite. 

The natural borates are used in the preparation of borax, 
which is largely employed as a preservative agent, for fluxing, 
and for other purposes. 

There is only one series of boron compounds which have any 
importance. These are the borates in which the trioxide (B,0,) 
acts the part of a weak acid. The addition of any acid liberates 
boric acid, which separates out in cold solutions as a crystalline 
precipitate. Boric acid is soluble in alcohol and in hot water. On 
evaporating these solutions it is volatilised, although the anhy- 
drous oxide is " fixed " at a red heat. The borates are mostly 
fusible compounds, and are soluble in acids and in solutions of 
ammonic salts. 

Deteotion. — Boron in small quantities will escape detection 
unless specially looked for, but there is no dificidty in detecting 
its presence. Heated in the Bunsen-bumer flame with " Turner's 
test," it gives an evanescent yellowish-green colour, due to fluoride 
of boron (BF,). " Turner's test " is a mixture of 5 parts of bi- 
sulphate of potash and i part of fluor spar. Boric add itself 
imparts a characteristic green colour to the flame, which gives a 
spectrum made up of four well-marked and equidistant lines, 
three in the green and one in the blue. Solutions of boric acid 
give with " turmeric paper," which has been dipped into it and 
dried, a characteristic red tint. This is a very delicate test, but 
in trying it a blank experiment should be carried out alongside 
with a solution made up of the same re-agents which have been 
used in liberating the boric acid in the sample. 

Solution and Separation. — ^The solution presents no diffi- 
culty, but the separation is troublesome. The best method is 
that of Gooch ; who, if necessary, fli^t fuses with carbonate of 
soda, and after the removal of chlorides and fluorides (by nitrate 
of silver or a lime salt), evaporates the aqueous extract with 
nitric or acetic acid to dryness in a retort and, subsequently, with 
repeated doses of 10 c.c. each of methyl alcohol. The distillate 
contains the boron as boric acid. Half a gram of the trioxide 
(B,Oj) is completely carried over by two evaporations, each with 
10 c.c. of the alcohol ; but if water or foreign salts are present, 
more than this is required. In ordinary cases six such evapora- 
tions are sufficient for 0.2 gram of the oxide.* 

♦ See ** A Method for the Separation and Estimation of Boric Acid," by 
F. A. Gooch, Chemical News, January 7, 1887. 
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GBAVIMETBIC DETEBMINATION. 

Before the introduction of Gooch's process it was usual to de- 
termine the boron trioxide "by difference." If the alcoholic 
distillate containing the boric acid is digested with about i gram 
(a known weight) of lime for ten or fifteen minutes, the alcohol 
can be evaporated off without danger of loss. Either calcium 
nitrate or acetate (which will be formed at the same time) yield 
lime upon subsequent ignition. Consequently, the increase in 
weight, after ignition, upon 
that of the lime taken gives 
the amount of boron tri- 
oxide present. The tri- 
oxide contains 31 .4 per cent, 
of boron (B). Since mag- 
nesia does not form a 
soluble hydrate it cannot 
satisfactorily be used in- 
stead of lime. 

The apparatus required 
is shown in fig. 82. It con- 
sists of a small retort or 
evaporating vessel made out 
of a pipette of 200 c.c. 
capacity. This is heated by 
means of a paraffin-bath 
at 130** or 140** C. It is 
connected with an upright 
condenser, at the lower end 
of which is a small flask 
which serves as a receiver. 

The quantity of the 




Fig. 82. 



borate taken should contain not more than 0.2 gram of the tri- 
oxide. Insoluble compounds are " dissolved in nitric acid at once, 
or, if necessary, first fused with sodium carbonate." With 
soluble and alkaline borates sufficient nitric acid is added to 
render it faintly acid. The solution is then introduced into the 
retort. 

" The lime, to retain the boric acid in the distillate, is ignited 
in the crucible in which the evaporation of the distillate is to be 
made subsequently." It is then cooled in the desiccator f6r ten 
minutes, and weighed. The lime is transferred to the receiving 
flask and slaked with a little water. The retort is lowered into 
the bath so that " only the rear dips below the surface." The 
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evaporation is carried to dryness, the retort being lowered further 
into the bath as the evaporation proceeds. Ten c.c. of methyl 
alcohol are introduced upon the residue, and the evaporation 
again started. Six such portions of alcohol are thus distUled and 
2 c.c. of water are introduced and evaporated between the second 
and third, as also between the fourth and fifth distillations. If 
acetic acid is used instead of nitric in the first instance this addi- 
tion of water is unnecessary. 

The distillate is evaporated in the crucible ignited over the 
blowpipe, cooled in the desiccator for ten minut^ and weighed. 
The increase in weight gives the boron trioxide. The results tend 
to be from i to 2 milligrams too high. 

VOLUMETBIC METHOD. 

This method is applicable to the indirect determination of borie 
acid in borax and similar compounds. It is based on the measure- 
ment of the quantity of normal solution of add required to 
replace the boric acid, and, consequently, is rather a measure of 
the soda present. The process is an alkalimetric one, and is 
carried out as follows : — ^Weigh up 3 grams of the sample and 
dissolve iii water. Tint with methyl orange, and run in fi-om an 
ordinary burette normal solution of sulphuric acid until a pink 
tint is got. 100 c.c. of the normal solution of add are equal ta 
7.0 grams of boron trioxide (B^Og), or 10. i grams of anhydrous 
borax (NajB.O,). 

Examination of Borax. — In addition to the determination, 
just given, the following determinations are also required : — ' 

Water. — Take about 2 grams and heat to tranqml fusion in a 
platinum crudble. Count the loss in weight as water. 

Sulphuric Oxide. — Take 2 grams, dissolve in water, acidify 
with hydrochloric acid, filter, and predpitate with barium 
chloride. Wash the precipitate, ignite, and weigh as barium 
sulphate (see Svlphur). 

Chlorine. — Take 2 grams, dissolve in water, addify with nitric- 
acid, filter, and add silver nitrate. Collect, wash, and weigh the 
precipitate as silver chloride. 

Alumina. — Take 5 or 10 grams, dissolve in water, boil, add 
ammonia in slight excess, and filter off the precipitate when it 
lias settled* Wash with hot water, ignite, and weigh as alumina 

(A1.0,). 
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Table of Atomic Weights and otheb Constants. 


Symboli. 


1 NanuM. 


Atomic 
Weights. 


Spedflo 
Gravitj. 


Melting 
Pointi. 


Ag 


SUver . . . . 


107.9 


las 


a 

1000* 


Al 


Aluminium 






27.0 


2.7 


700* 


As 


Arsenic . 






75.0 


5.9 




Au 


Gold. 






196.7 


19.2 


1200 


B 


Boron 






II.O 


2.7 




Ba 


Barium 






137.0 


4.0 




Be 


Beryllium . 






208.0 


2.1 




Bi 


Bismuth . 






9.8 


270** 


Br 


Bromine . 






80.0 


3.2 


-25^ 


C 


Carbon 






12.0 






Ca 


Calcium . 






40.0 


1.6 




Cd 


Cadmium . 






1 12.0 


8.6 


315' 


Ce 


Cerium 






140.7 


6.7 




CI 


Chlorine . 






355 






Co 


Cobalt . 






59.0 


8.5 




Cr 


Chromium 






52.1 


7.3 




Cs 


Caesium . 






133.0 


1.9 


25' 


Cu 


Copper . 






63.3 


8.9 


I090'* 


Di 


Didymiuin 






145.0 ' 


6.5 




£r 


Erbium . 






166.3 






F 


Fluorine . 






19.0 






Fe 


Iron . 






56.0 


7.8 




6a 


Gallium 






70.0 


5.9 


30* 


Ge 


Germaniniii 






72.3 






H 


Hydrogen . 






I.O 






Hg 


Mercury . 






200.0 


13.6 


-40* 


I 


Iodine 






127.0 


4.9 


io6- 


In 


Indium 






"3.7 


7.4 


175' 


Ir 


Iridium . 






193.0 


22.4 




K 


Potassium 






rTs 


0.86 


62.5- 


La 


Lanthanum . 




• 


6.1 
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Table of Atomic Wxiohts and othbb Constants— contmueef. 



Symboli. 


KUDM. 


Atomic 
WeighU. 


Specific 
GraTity. 


Melting 
Points. 


Li 


Lithiom «... 


7.0 


0.59 


C. 
i8o' 


Mg 


Magnesium 






24.0 


1-7 




Mn 


Manganese 






55.0 


8.0 




Mo 


Molybdenum . 






96.0 


8.6 




N 


Nitrogen . 






14.0 






Na 


Sodium . 






23.0 


0.97 


95.6- 


Nb 


Niobium . 






94.0 


4.1 




Ni 


Nickel . 






58.S 


8.9 







Oxygen . 






16.0 






Os 


Osmium . 






199.0 


22.4 




P 


Phosphorus 






31.0 


1.8 


44^ 


Pb 


Lead . 






206.9 


I1.4 


334^ 


Pd 


Palladium. 






106.0 


11.4 


1350"* 


Pt 


Platinum . 






194.9 


21.5 


2000* 


Bb 


Rubidium • 






85.5 


i.S 


38.5' 


Bh 


Rhodium . 






104.3 


12. 1 




Ru 


Ruthenium 






•104.5 


11.4 




S 


Sulphur . 






32.0 


2.0 


"5: 


Sb 


Antimony . 






120.0 


6.7 


425'' 


Se 


Selenium . 






79.0 


4.8 


100** 


Si 


Silicon 






28.0 


2.0 




Sn 


Tin . 






1 18.0 


7.3 


235^ 


Sr 


Strontium 






87.S 


2.5 




Ta 


Tantalum . 






182.S 






Te 


Tellurium . 






128.0 


6.2 


480** 


Th 


Thorium . 






233.5 


7.8 




Ti 


Titanium . 






50.0 


5.3 




Tl 


Thallium . 






204.0 


"•9 


294" 


U 


Uranium . 






239.0 


18.4 




V 


Vanadium 






51.3 


5-5 




W 


Tungsten . 






184.0 


19. 1 




Y 


Yttrium . 






90.0 






Yb 


Ytterbium 






173.1 






Zn 


Zinc . b 






65.0 


6.9 


423° 


Zr 


Zirconium 






89.5 


4.1 
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TaUe for Converting Degrees of the Centigrade T/iermometer into 
Degrees of Fahrenheit s Scale. 




392 



TEXT-BOOK OF ASSAYING. 



Nitric Acid. 

Table showing the percentage^ by Weighty of Real Add (HNO,) in 
Aqueous Sclutiona of Nitric Add of different Spedfic Chravities* 
Temperature^ i$^ C. 



1.530 
1.527 


100.0 
99.0 


1.405 

1.400 


66.0 
65.0 


i:r^ 


33.0 
32.0 


1.524 


98.0 


1.395 


64.0 


1. 192 


31.0 


1.520 


97.0 


1*390 


63.0 


1. 185 


30.0 


I.5I6 


96.0 


1.386 


62.0 


1.179 


29.0 


I.5I3 


95.0 


1.380 


61.0 


I.I72 


28.0 


1.509 


94.0 


1.374 


6ao 


1. 166 


27.0 


1.506 


93.0 


1.368 


59.0 


I.I59 


26.0 


1.503 


92.0 


i.363 


58.0 


1. 152 


25.0 


1.499 


91.0 


1.358 


57.0 


I1I38 


24.0 


1.495 


90.0 


1.353 


56.0 


23.0 


1.492 


89.0 


1.346 


55.0 


1. 132 


22.0 


1.488 


88.0 


I.34I 


54.0 


1. 126 


21.0 


1.485 


87.0 


1.335 


53.0 


1. 120 


20.0 


1.482 


86.0 


1.329 


52.0 


1. 114 


19.0 


1.478 


85.0 


1.323 


51.0 


1. 108 


18.0 


1.474 


84.0 


I.3I7 


50.0 


1. 102 


17.0 


1.470 


83.0 


I.3II 


49.0 


1.096 


16.0 


1.467 


82.0 


1.304 


48.0 


1.089 


15.0 


1.463 


81.0 


1.298 


47.0 


1.083 


14.0 


1.460 


80.0 


1. 291 


46.0 


1.077 


13.0 


1.456 


79.0 


1.284 


45.0 


1.071 


12.0 


1.452 


78.0 


1.277 


44.0 


1.065 


II.O 


1.449 


77.0 


1.270 


43.0 


1.060 


lao 


1.445 


76.0 


1.264 


42.0 


1.053 


2-° 


1.442 


75.0 


1.257 


41.0 


1.047 


8.0 


1.438 


74.0 


I.25I 


40.0 


1.041 


7.0 


1.435 


73.0 


1.244 


39.0 


1.034 


6.0 


I.43I 


72.0 


1.238 


38.0 


1.028 


5.0 


1.427 


71.0 


1.232 


37.0 


1.022 


4.0 


1.423 
I.4I8 


70.0 


1.225 

I.2I8 


36.0 


1.016 


3.0 


69.0 


35.0 


1. 010 


2.0 


1.414 


68.0 


I.2I2 


34.0 


1.004 


I.O 


1.410 


67.0 
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Htdbochlobic Acip. 



Table shovoitig the percentage, hy Weighty of Real Add (HCl) ia 
Aqueous SoltUums of Hydrochloric Add ofdifferefiU Specific 
Gravities. Temperature, 15* C. 



1.2000 


40.78 


1.1410 


28.54 


1.0798 


16.31 


1. 1982 


40.37 


1. 1389 


28.13 


1.0778 


15.90 


1. 1964 


39.96 


1. 1369 


27.72 


1.0758 


15.49 


1. 1946 


39-55 


1. 1349 


27.32 


1.0738 


15.08 


1. 1928 


39.14 


1-1328 


26.91 


1.0718 


14.68 


I.I9I0 


38.74 


1. 1308 


26.50 


1.0697 


14.27 


1.1893 


38.33 


1. 1287 


26.10 


1.0677 


13.86 


1.187s 


37.92 


1. 1267 


25.69 


1.0657 


13-45 


1.1857 


37.51 


1. 1247 


25.28 


1.0637 


13.05 


1. 1846 


37." 


1. 1226 


24.87 


1.0617 


12.64 


1. 1822 


36.70 


1. 1206 


24.46 


1.0597 


12.23 


1. 1802 


36.29 


1.1185 


24.06 


1.0577 


11.82 


1. 1782 


35.88 


1. 1 164 


23.65 


1.0557 


11.41 


1. 1762 


35.47 


1.1143 


23.24 


1.0537 


II.OI 


I.I74I 


35.07 


1. 1 123 


22.83 


1.0517 


10.60 


1.I72I 


34.66 


1. 1 102 


22.43 


1.0497 


10.19 


I.I70I 


34.25 


1. 1082 


22.02 


1.0477 


9.78 


I.I68I 


33.84 


1.1061 


21.61 


1.0457 


9.38 


I.I66I 


33.43 


1.1041 


21.20 


1.0437 


!-97 


I.I64I 


33.03 


1. 1020 


20.79 


1.0417 


8.56 


1. 1620 


32.62 


1. 1000 


20.39 


1.0397 


8. IS 


1. 1599 


32.21 


1.0980 


19.98 


1.0377 


7.7s 


I.I578 


31.80 


1.0960 


19.57 


1.0357 


7.34 


1. 1557 


31.40 


1.0939 


'§•'$ 


1.0337 


6.93 


1. 1536 


30.99 


1.0919 


18.76 


1.0318 


6.52 


1.1515 


30.58 


1.0899 


18.35 


1.0298 


6.11 


1. 1494 


30.17 


1.0879 


17.94 


1.0279 


S.51 


1. 1473 


29.76 


1.0859 


17.53 


1.0259 


m 


1. 1452 


29.36 


1.0838 


17.12 


1.0239 


I.I43I 


28.95 


1.0818 


16.72 


1.0200 


4.01 
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Ammonia. 

Table showing the percentage, by Weight, of Real Ammonia (NH,) 
in Aqueous Solutions ofAminonia of different Specific Gravities. 
Temperature, 14° C. 



0.8844 


36.0 


0.9145 


23.6 


0.9534 


11.6 


0.8852 
0.8860 


35.6 


0.9156 


23.2 


0.9549 


11.2 


35.2 


0.9168 


22.8 


0.9563 


10.8 


0.8868 


34.8 


0.9180 


22.4 


0.9578 


10.4 


""'llV 


34-4 


0.9191 


22.0 


0.9593 


10.0 


0.8885 


340 


0.9203 


21.6 


0.9608 


9.6 


0.8894 


33.6 


0.9215 


21.2 


0.9623 


9.2 


0.8903 


33.2 


0.9227 


20.8 


0.9639 


8.8 


0.891 1 


32.8 


0.9239 


20.4 


0.9654 


8.4 


0.8920 


32.4 


0.9251 


20.0 


0.9670 


8.0 


0.8929 


32.0 


0.9264 


19.6 


0.9685 


7.6 


0.8938 


31.6 


0.9277 


19.2 


0.9701 


7.2 


0.8948 


31.2 


0.9289 


18.8 


0.9717 


6.8 


0.8957 


30.8 


0.9302 


18.4 


0.9733 


6.4 


0.8967 


30.4 


0.9314 


18.0 


0.9749 


6.0 


0.8976 


30.0 


0.9327 


17.6 


0.9765 


5.6 


0.8986 


29.6 


0.9340 


17.2 


0.9781 


5.2 


0.8996 


29.2 


0.9353 


16.8 


0.9790 


48 


0.9006 


28.8 


0.9366 


16.4 


0.9807 


46 


0.9016 


28.4 


0.9380 


16.0 


0.9823 


4.2 


0.9026 


28.0 


0.9393 


15.6 


0.9839 


3.8 


0.9036 


27.6 


0.9407 


'5-2 


0.9855 


3-4 


0.9047 


27.2 


0.9420 


148 


0.9873 


30 


0.9057 


26.8 


0.9434 


144 


0.9890 


2.6 


0.9068 


26.4 


0.9449 


14.0 


0.9907 


2.2 


0.9078 


26.0 


0.9463 


13.6 


0.9924 


1.8 


0.9089 


25.6 


0.9477 


^3-2 


0.9941 


1.4 


0.9100 


25.2 


0.9491 


12.8 


0.9959 


I.O 


0.91 1 1 


24.8 


0.9505 


12.4 


0.9975 


0.6 


0.9122 


244 


0.9520 


12.0 


0.9991 


0.2 


0.9133 


24.0 
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SuLPHUBio Acid. 

Table shotoing the percentage, by Weight, of Real Acid (Hj^O^) in 
Aqueotis Solutions of Sulphuric Acid of varying Specific 
Gravity. Temperature, 15° C. 



1.838 


100.0 


1.568 


66.0 


1.247 


33.0 


1.840 


99.0 


1.557 


65.0 


1.239 


32.0 


I.84I 


98.0 


1-545 


64.0 


1.231 


31.0 


1. 841 


97.0 


1.534 


63.0 


1.223 


30.0 


1.840 


96.0 


1.523 


62.0 


1.215 


29.0 


1.838 


95.0 


1.512 


61.0 


1.206 


28.0 


1.836 


94.0 


1. 501 


60.0 


1. 198 


27.0 


1.834 


93.0 


1.490 


59.0 


1. 190 


26.0 


I.83I 


92.0 


1.480 


58.0 


1. 182 


25.0 


1.827 


91.0 


1.469 


57.0 


1.174 


24.0 


1.822 


90.0 


1.458 


56.0 


1. 167 


23.0 


I.8I6 


89.0 


X.448 


55.0 


I.I59 


22.0 


1.809 


88.0 


1.438 


54.0 


1.151 


21.0 


1.802 


87.0 


1.428 


53.0 


1. 144 


20.0 


1.794 


86.0 


1.418 


52.0 


1. 136 


19.0 


1.786 


85.0 


1.408 


51.0 


1. 129 


18.0 


1.777 


84.0 


1.398 


50.0 


I.X2I 


17.0 


1.767 


83.0 


1.388 


49.0 


1.1x3 


16.0 


1.756 


82.0 


1.379 


48.0 


1. 106 


15.0 


1.745 


81.0 


1.370 


47.0 


1.098 


14.0 


1.734 


80.0 


1.361 


46.0 


I.09I 


X3.0 


1.722 


79.0 


1.351 


45.0 


1.083 


12.0 


1. 710 


78.0 


1.342 


44.0 


1.075 


II.O 


1.698 


77.0 


1.333 


43.0 


1.068 


10. 


1.686 


76.0 


1.324 


42.0 


I.061 


t'^ 


1.675 


75.0 


1.315 


41.0 


1.053 


8.0 


1.663 


74.0 


1.306 


40.0 


1.046 


7.0 


1. 651 


73.0 


1.297 


39.0 


1.039 


6.0 


1.639 


72.0 


1.289 


38.0 


1.032 


5.0 


1.627 


71.0 


1. 281 


37.0 


1.025 


4.0 


1.615 


70.0 


1.272 


36.0 


1. 019 


3.0 


1.604 


69.0 


1.264 


35.0 


1.0x3 


2.0 


1.592 


68.0 


1.256 


34.0 


1.006 


I.O 


1.580 


67.0 











INDEX. 



Acids, 54 

Air of mines, Carbonic acid in, 384 

Alkalies, 286 

determination of, 287 

separation of, 288 
Alkalimetry, 279 
Alkaline eartbjs, 276 
Alumina, 270 
Amalgamation, 123 
Ammonia, 296 
Antimony, 185 

di^' assay, 185 

gravimetric determination, 1 88 

volumetric determination, 189 
Arsenic, 337 

gravimetric determination, 339 
Arsenic, volumetric determination by 
** iodine," 340 
"uranium," 345 
Assaying, calculation of results of, 7 

methods of, 15 
Assay book, 11 
Assay note, 12 
Assay ton, 13 
Atomic weights, 69 
table of, 389 

Bauiuh, 282 

I3aryta, see Barium, 

Beryllia, 275 

Bismuth, 180 

Black tin, 227, 241 

*' Blank ** determinations, 34 

Boracic acid, see Boron* 



Borax, 20 
Boron, 385 
Bromine, 317 
Burettes, 51 

Cadmium, 225 
Caesium, 295 
Calcination, 22, 301 
Calcium, 276 
Calculation of results, 7 
Calculations from formulae, 70 
Calorimeter, 375 
Carbon, 370 

gravimetric determination, 372 

in iron and steel, 379 
Carbonates, see Carbon dioxide. 
Carbon dioxide, 380 

gasometric determination, 383 
gravimetric determination, 381 
in the air of mines, 384 
Caustic potash = Potassium hydrate. 
Caustic soda = Sodium hydrate. 
Cerium, 274 
Charcoal, 21 

Chlorine and chlorides, 315 
Chromium, 263 
Coal, assay of, 374 
Cobalt, 215 
Coke, 25 

Colorimetric assays, 44 
Copper, 135 

colorimetric assay, 150, 163 

dry assay, 136 

electrolytic assay, 144 
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Copper, examination of commercial, 165 
ores, yalaation of, 141 
separation and solation of, 143 
volumetric assay, cyanide method, 

154 
iodide method, 159 
Cokn, 22 
Cupellation, 98 
Gupellation loss, 10 1 
Cupels, 23 

DiDTUiuu, 275 
Dollars per ton, 9 
Dry assays, 16 
Drying, 5, 33 

Eabthb, 270 

Earths, The alkaline, 276 

Equations, 69 

Erbia, 275 

FiLTBATION, 31 

Fluorine and fluorides, 3x9 
Fluxes, 16 
Formulae, 68 
Furnace, 24 

Gases, Apparatus for measuring, 52 
Gasometric assays, 44 
Gold, 123 

amalgamation assay, 123 

dry assay, 124 

parting, 126 
Graduated vessels, 49 
Gravimetric methods, 15, 27 

Halogens, the, 3x4 
Hardhead, 243 

Ignition, 33 

in hydrogen, 236 
Indicator, 42 
Inquartation, 126, 128 
Iodine and iodides, 318 
Iridium, 131 
Iron, 191 

colorimetric assay, 207 



Iron, detection, 191 

gravimetric determination, 193 
separation and solution, 192 
volumetric assay by ** bichro- 
mate,'* 194 
*' permanganate,'' 194 
stannous chloride, 204 

Laboratory books, 9 
Lanthanum, 275 
Lead, 171 

colorimetric assay, 178 

dry assay, 171 

gravimetric determination, 173 

volumetric assay, 174 
Lime, see Calcium. 
Lime-water, 277 
Litharge, 20 
Lithium, 294 
Loths per centner, 9 

Magnesia, see Magnesium. 
Magnesia mixture, 64 
Magnesium, 284 
Manganese, 254 

colorimetric assay, 262 

gravimetric determination, 256 

volumetric assay, 256 
Measuring, 49 
Measuring flasks, 49 
Mechanical methods, 16 
Mercury, 131 

dry assay, 132 

gravimetric determination, 134 
Moisture, 5 
Molybdenum, 267 
Mufile-fumace, 24 

Nessler's solution, 298 
Nickel, 211 

dry assay, 211 

gravimetric determination, 214 
Niobium, 253 
Nitrates, 356 

gasometric assay, 359 

volumetric assay, 358 
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IWtre, 22 

oxidising power of, 95 
Nitrogen, 356 
Nitrometer, 359 
Normal solutions, 279 

OsMiKiDnjH, 131 

Osmium, 131 

Ounces per ton, 8, 107 

Oxygen and oxides, 300 
determination of, 302 
dissolved in water, 312 

Palladiuh, 131 
Parting, 126 
Phosphates, 350 

grayimetric determination, 352 

volumetric determination, 353 
Phosphorus, 350 
Pipettes, 49 
Platinum, 130 
Potash, see Potassium. 
Potassium, 292 
Precipitates, drying, 32 

igniting, 32, 34 

washing, 31 
Precipitation, 30 
Produce, 8 

Pyrarsenate of magnesia, 339 
Pyrophosphate of magnesia, 353 

QUABTATION, 126, 128 

Quantity to be taken for assay, 1 1 

Beaoents, 54 
Red lead, 20, 22, 94 
Beducing agent$>, 21 
Begulns, 18 
Report-forms, 11, 12 
Rhodium, 131 
Roasting, 22, 301 
Rubidium, 296 
Ruthenium, 131 

Sample-book, 9 
Sampling, i 



Scorification, 88 

Selenium, 335 

Silicon, 363 

Silicates, 361 

alkalies in, 367 
opening up, 363 

Silver, 87 

dry assay, 87 

gravimetric determination, 117 
separation and solution, 116 
volumetric assays, 119, 121 

Slags, 18 

Soda, see Sodium. 

Soda-lime, 381 

Sodium, 290 

Solution, 29 

Specific gravity, 75 

tables of, 392 

Speise, 19 

Standard solutions, 36 

Strontium, 280 

Sulphur and sulphates, 323 
gravimetric, 325 
separation, 325 
solution, 324 
volumetric, 326 

Sulphides, reducing action of, 9 

Table of atomic weights, &c., 389 
for calculations on silver and gold 

ores, 107 
showing loss in diy copper assay, 

136 

relation of Fahrenheit and 
Centigrade thermometers, 

391 
sp. g. of " ammonia," 394 
hydrochloric acid, ^93 
nitric acid, 392 
sulphuric acid, 395- 

Tantalum, 253 

Tartar, 20, 94 

Tellurium, 335 

Thallium, 179 

Thorium, 273 

Tin, 227 
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Tin, detection, 235 

dry assay, 232 

gravimetric determination, 237 

Tanning, 229 

▼Diametric determination, 238 
Titaninm, 24$ 
Titration, 36 

indirect, 43 
Tongsten, 251, 

Ubakium, 268 

Vanadium, 266 
Vanning, 229 
Volume-corrector, 53 



Volumetric assays, 35 

Water, 306 

determination of, 307 
examination of, 308 

Weighing, 47 

Weights, 47 

Yttria, 275 

ZiKC, 217 

dry assay, 217 
gasometric assay, 222 
grayimetric assay, 218 
volumetric assay, 219. 
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THE REV. JOHN EADIE, D.D., LL.D., 

Late a Member of the New Testament Revision Company,, 



This Series has been prepared to aflford sound and necessary aid to the Reader of Holy 
Scripture. The Volumes comprised in it form in themselves a Complbtb Library 
OF Rkferknce. The number of Copies already issued greatly exceeds a quartbr of a 

MILLION. 



I. EADIE (Rev. Prof.): BIBLICAL CYCLO- 

PiEDIA (A) ; or, Dictionaiy of Eastern Antiquities, Geography, and 
Natural History, illustrative of the Old and New Testaments. With Maps, 
many Engravings, and Lithographed Fac-simile of the Moabite Stone. 
Large post 8vo, 700 pages. Twenty-fifth Edition, 

Handsome cloth 7/6. 

Morocco antique, gilt edges, . , i6/, 

"By far the best Bible Dictionary for general use." — Clerical youmaL 

II. EADIE (Rev. Prof.): CRUDEN'S CON- 
CORDANCE TO THE HOLY SCRIPTURES. With Portrait on 

Steel, and Introduction by the Rev. Dr. King. Post 8vo. Fifty-first 
Edition, Handsome cloth, 3/6. 

•»* Dr. Eadie's has long and deservedly borne the reputation of being the COM- 
PLETEST and BEST CONCORDANCE extant. 

III. EADIE (Rev. Prof.): CLASSIFIED BIBLE 

(The). An Analytical Concordance. Illustrated by Maps. Large Post 
8vo. Sixth Edition, Handsome cloth, . . . 8/6. 

"We have only to add our unqualified commendation of a work <rf real excellence to 
every Biblical student." — Christian Ti^nes. 

IV. EADIE (Rev. Prof.): ECCLESIASTICAL 

CYCLOPEDIA (The). A Dictionary of Christian Antiquities, and of 
the History of the Christian Church. By the Rev. Professor Eadie, 
assisted by numerous Contributors. Large Post 8vo. Sixth Edition, 
Handsome doth, .... 8/6. 

"The Ecclesiastical CvcLOPiSDiA will prove accej^ble both to the clergy and laity 
of Great Britain. A great body of useful information will be found in it." — Athenaum, 

Y. EADIE (Rev. Prof.): DICTIONARY OF 

THE HOLY BIBLE (A) ; for the use of Young People. With Map and 
Illustrations. Small 8vo. Thirty-eighth Thousand, 

Cloth, elegant, a/6. 
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4 OSASLES ORIFFIN * CO.'S PUBLICATIONS. 

RELIGIONS OF THE WORLD (The) : Being 

Confessions of Faith contributed by Eminent Members of every Denomi- 
nation of Christians, also of Mahometanism, Parseeism, Brahminism, 
Mormonism, &c., Ac, with a Harmony of the Christian Confessions of 
Faith by a Member of the Evangelical Alliance. Crown 8vo. Cloth 
bevelled, 3/6. 

SOUTHGATE (Henry): SUGGESTIVE 

THOUGHTS ON RELIGIOUS SUBJECTS. (See page 36.) 

SOUTHGATE (Mrs. H.) : THE CHRISTIAN 

LIFE : Thoughts in Prose and Verse from Five hundred of the Best 
Writers of all Ages. Selected and Arranged for Every Day in the Year. 
Small 8vo. With Red Lines and unique Initial Letters on each page. 
Cloth Elegant, 5/. Morocco, 10/6. Second Edition, 

" A volume as handsome as it is intrinsically valuable." — Scotsman, 
"The readings are excellent."— J?^^*;^^^ 
" A library in '\\.^^\!L"— Northern Whig, 

TAIT (Rev. James): MIND IN MATTER: A 

Short Argument on Theism. Second Edition, Demy 8vo. .Handsome 
Cloth, 8/6. 

General Contents. — Evolution in Nature and Mind— Mr. Darwin 
and Mr. Herbert Spencer — Inspiration, Natural and Supernatural — 
Deductions. 

"An able and original contribution to Theistic literature. . . . The style is 
pointed, concise, and telling to a degree." — Glasgow Herald. 

'* Mr. Tait advances many new and striking ar^guments . . . highly suggestive 
and fresh." — Brit. Quarterly Review, 

THE MASSES: How Shall we Reach Them? 

Some Hindrances in the way, set forth from the standpoint of the People, 
w^ith Comments and Suggestions. By an Old Lay-helper. Cloth, 
2s, 6d, Second Edition, 

\* An attempt to set forth some deficiencies in our present methods of reaching the 
poor, in the language of the people themselves. 

" So full of suggestiveness that we should reprint a tithe of the book if we were to 
transcribe all the extracts we should like to make." — Church Bells, 

"'Hindrances in the way' exactly describes the subject-matter of the Bock. Any 
one contemplating Missionary work in a large town wculd be helped by studying it." — 
Guardian, 

** * The Masses ' is a book to he well pondered over and acted u-pon.**— Church IVork, 

'* A very useful book, well worth reading." — Church Times, 

" A most interesting book. . . . Contains a graphic description of work among the 
masses." — English Churchman, 

WORDS AND WORKS OF OUR BLESSED 

LORD : and their Lessons for Daily Life. Two Vols, in One, 
Foolscap 8vo. Cloth, gilt edges, 6/. 



MEDICINE AND THE ALLIED SGIES^CES, 5 

^W O UK s 

By Sir WILLIAM AITKEN, M.D., Edin., F.R.S., 

PROFESSOR OF PATHOLOGY IN THE ARMY MEDICAL SCHOOL ; EXAMINER IN MEDICINE FOR 

THE MILITARY MEDICAL SERVICES OF THE QUEEN ; FELLOW OF THE SANITARY 

INSTITUTE OF GREAT BRITAIN ; CORRESPONDING MEMBER OF THE ROYAL 

IMPERIAL SOCIETY OF PHYSICIANS OF VIENNA ; AND OF THE 

SOCIETY OF MEDICINE AND NATURAL HISTORY OF DRESDEN. 



Seventh Edition. 

The SCIENCE and PRACTICE of MEDICINE. 

In Two Volumes, Royal 8vo., cloth. Illustrated by numerous Engrav- 
ings on Wood, and a Map of the Geographical Distribution of Diseases. 
To a great extent Rewritten ; Enlarged, Remodelled, and Carefully 
Revised throughout, 42/. 



Opinions of the Frees. 

"The work is an admirable one, and adapted to the requirements of the Student, 
Professor, and Practitioner of Medicine. . . . The reader will find a large amount of 
information not to be met with in other books, epitomised for him in this. We know of 
no work that contains so much, or such full and varied information on all subjects con- 
nected with the Science and Practice of Medicine."— Za«<:^/. 

"Excellent from the beginning, and improved in each successive issue. Dr. Aitken's 
GREAT and STANDARD WORK has now, with vast and judicious labour, been brought 
abreast of every recent advance in scientific medicine and the healing art, and affords to the 
Student and Practitioner a store of knowledge and guidance of altogether inestimable value. 
. . . A classical work which does honour to British Medicine, and is a compendium of 
.sound knowledge." — Extract from Reviev) in ** Brian" by J. Crichton-Browne^ M.D., 
F.R. 

"The Seventh Edition of this important Text-Book fully maintains its reputation. 
. . . Dr. Aitken is indefatigable in his efforts. . . . The section on Diseases of 
the Brain and Nervous System is completely remodelled, .so as to include all the 
most recent researches, which in this department have been not less important than they 
are numerous '—British Medical youma I. 

" The Standard Text-Book in the English Language. . . . There is, perhaps, 
no work more indispensable for the Practitioner and Student." — Edin. Medical youmal. 

" The extraordinary merit of Dr. Aiiken's work. . . . The author has unquestion- 
ably performed a service to the profession of the most valuable land."— Fractitiotter. 

OUTLINES OF THE SCIENCE AND 

PRACTICE OF MEDICINE. A Text-Book for Students. Second 
Edition, Crown 8vo, 12/6. 

" Students preparing for examinations will hail it as a perfect godsend for its concise- 
ness." — A then^eutn. 

"Well-digested, clear, and well-written, the work of a man conversant with every 
detail of his subject, and a thorough master of the art of teaching." — British Medical 
Journal. 

CAIRD (F. M., M.B., F.R.CS.), and CATHCART 

(C. W., M.B., F.R.C.S.): 

A SURGICAL HANDBOOK: For the use of Practitioners, 
Students, House-Surgeons, and Dressers. With Numerous Illustrations. 
Third Edition, Pocket-size, Leather, ZI6. 

"This is a THOROUGHLY PRACTICAL MANUAL, well up to date, clear, 
accurate, and succinct. It is thoroughly trustworthy, handy, and well got up."— Z«;ifcr/. 
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By PROFESSOR T. M'OALIi ANDERSON, M.D. 

Now ready, wUh tvoo Coloured Litkographs, Steel Plate^ attd numerous Woodcuts, 
Royal Svo, Handsome Cloth, 25«. 

DISEASES OF THE SKIN 

(A TREATISE ON), 

With Special Reference to Diagnosis and Treatment, Including an 
Analysis of 11,000 Consecutive Cases. 

By T. M*0ALL ANDERSON, M.D., 

Professor of Clinical Medicine, University of Glasgow. 

The want of a manual, embodying the most recent advances in the 
treatment of cutaneous affections, has made itself much felt of late 
years. Professor M*Oall Anderson's Treatise, therefore, affording, 
as it does, a complete resum^ of the best modem practice, will be 
doubly welcome. It is written — ^not from the standpoint of the 
"University Professor — but from that of one who, during upwards of 
a quarter of a century, has been actively engaged both in private and 
in hospital practice, with unusual opportunities for studying this 
class of disease, hence the practical and clinical directions given 
are of great value. 

Speaking of the practical aspects of Dr. Anderson's work, the 
British Medical Journal says: — "Skin diseases are, as is well-known, 
obstinate and troublesome, and the knowledge that there are addi- 
tional resources besides those in ordinary use will give confidence 
to many a puzzled medical man, and enable him to encourage a 
doubting patient. Almost any page might be used to illustrate 
THE fulness of THE WORK IN THIS RESPECT. . . . The chapter 
on Eczema, that universal and most troublesome ailment, describes 
in a comprehensive spirit and with the greatest accuracy of detail 
the various methods of treatment. Dr. Anderson writes with the 
authority of a man who has tried the remedies which he discusses, 
and the information and advice which he gives cannot foil to prove 
extremely valuable.*' 

Opinions of the Press. 

"Beyond Asabt, the host important work on Skin Diseases that has appeared in England for 
many years. . . . Conspioaoas for the axodnt and excsllsucb of the gunical and practical 
information whicli it contains."— 5ri7t»^ Medical Jownal. 

" Professor M'Call Anderson has prodaced a work likely to prove very acceptable to the bnsy 
praotitioner. The sections on treatment are very fnlL For example, Eczbxa haa 110 pages giyen 
to i^ and 73 of these pages ard deyoted to treatment"— lancet. _ 
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WORKS by A. WYNTER BLYTH, M.R.C.S., F.C.S., 

Public Analyst for the County of Devon, and Medicsd Offico: of Health for 
St Marylebone. 

I. FOODS: THEIR COMPOSITION AND 

ANALYSIS. Price 16/. In Crown 8vo, cloth, with Elaborate Tables 
and litho- Plates. TTiird Edition, Revised and partly rewritten. 
General Contents. 

History of Adulteration— Legislation, Past and Present — Apparatus nseful to the 
Food Analyst — "Ash" — Sugai>— Confectionery— Honey — Treacle-— Jams and Preserved 
Fruits —Starches— Wheaten-Flour— Bread— Oats — Barley— Rye— Rice— Maize— Millet 
— Potato — Peas^^hinese Peas— Lentils — Beans — M ilk — Cream — Butter— Cheese — ^Tea 
— -Coffee — Cocoa and Chocolate — Alcohol — Brandy— Rum — ^Whisky — Gin — Arrack — 
Liqueurs — Beer — ^Wine — ^Vinegar — Lemon and Lime Juice — Mustard — Pepper — Sweet 
and Bitter Almond— Annatto— Olive Oil— Water. Appendix: Text of English and 
American Adulteration Acts. 

'* Will he used by every Analyst."— Z^mk^/. 

"Stands Unrivalled for completeness of information. . . . A really * practical ' 
work for the guidance of practical men." — Sanitary Record. 

** An admirable digest of the most recent state of knowledge. • . . Interesting 
even to lay-readers/' — Chemical News, 

%* The New Edition contains many Notable Additions, especially on the subject 
of Milk and its relation to Fever-Epidemics, the Purity of Water-Supplv, the 
new Margarine Act, &c, &c. 

COMPANION VOLUME. 

II. POISONS: THEIR EFFECTS AND De- 
tection. Price 16/. Second EdUion, 

General Contents. 

Historical Introduction— Statistics— General Methods of Procedure— Life Tests — 
Special Apparatus— Classification : I. — Organic Poisons : (<i.) Sulphuric, Hydrochloric, 
and Nitnc Acids, Potash, Soda, Ammonia, &c. ; [b.) Petroleum, Benzene. Camphor, 
Alcohols, Chloroform, Carbolic Acid, Pru3sic Acid, Phosphorus, &c. ; (c-.) Hemlock, 
Nicotine, Opium, Strychnine, Aconite, Atropine, Digitalis, &c. ; (4.^ Poisons 
derived from Animal Substances ; (tf.) The Oxalic Acid Group. II. — Inorganic 
Poisons : Arsenic, Antimony, Lead, Copper, Bismuth, Silver, Mercury, Zinc, Nickel 
Iron, Chromium, Alkaline Earths, &c. Appendix : A. Examination of Blood and 
Blood-Spots. B. Hints for Emergencies: Treatment— Antidotes. 

"Should be in the hands of every medical practitioner." — Lancet, 

** A sound and practical Manual of Toxicology, which cannot be too warmly re- 
commended. One of its chief merits is that it discusses substances which have been 
overlooked." — Chemical News. 

"One of the best, most thorough, and comprehensive works on the subject.*'— 
Saturday Review. 

HYGIENE AND PUBLIC HEALTH (a Die- 

tionary of) : embracing the following subjects : — 

I.— Sanitary Chemistry : the Composition and Dietetic Value of 
Foods, with the Detection of Adulterations. 
II.— Sanitary Engineering : Sewage, Drainage, Storage of Water, 
Ventilation, Warming, &c. 
III.— Sanitary Legislation : the whole of the PUBLIC HEALTH 
ACT, together with portions of other Sanitary Statutes, in a 
form admitting of easy and rapid Reference. 
IV.— Epidemic and Epizootic Diseases : their History and Pro- 
pagation, with the Measures for Disinfection. 
V. — Hygiene— Military, Naval, Private, Public, School. 
Royal 8vo, 672 pp., cloth, with Map and 140 Illustrations, 28/. 

" A work that must have entailed a vast amount of labour and research. . . . Will 
become a Standard Work in Public Health."— JJ/^rf/c<i/ Times and Gazette, 
" Contains a great mass of information of easy reference."— ^««//rt?^ Record, 
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DAVIS (J. R. A., B.A., Lecturer on Biology at the 

University College of Wales, Aberystwyth) : 

AN INTRODUCTION TO BIOLOGY, for the use of Students. 
Comprising Vegetable and Animal Morphology and Physiology. 

JFzf/t Bibliosi-aphyy Exam. -Questions ^ complete Glossary^ afid 158 Illustrations. 
Large Crown 8vo. izr. Sd. 



" The volume is literally packed with information." — Glasgow Medical Journal. 
" As a general work of reference, Mr. Davis' Manual will be highly serviceable both 
to medic;n men and to amateur or professional scientists," — British Medical J out nal. 



THE FLOWERING-PLANT: First Principles of Botany. Specially 
adapted to the Requirements of Students preparing for Competitive 
Examinations. W^ith numerous Illustrations. Crown 8vo, Cloth, 3s. 6d. 

DUCKWORTH (Sir Dyce, M.D. (Edin.), 

F.R.C.P.): 

GOUT (A Treatise on) : for the Use of Practitioners and Students. 
With Chromo-Lithograph, Folding Plate, and Illustmtions. Royal 
8vo, 25s. 

*' At once thoroughly practical and highly philosophical. The practitioner will find 
an enormous amount of information in it." — Practitioner, 

DUPRE (A.,Ph.D.,F.R.S.), and WILSON HAKE 

(Ph.D., F.I.C., F.C.S., of the Westminster Hospital Medical School) : 
INORGANIC CHEMISTRY (A Short Manual of): with Coloured 
Plate of Spectra. Crown 8vo, Cloth, 7s. 6d. 

"The BKST MANi'AL for Medical aspirants that has appeared on the subject of 
Inorganic Chemistry." — Analyst. 

" A well-written, clear, and accurate Elementary Manual of Inorganic Chemistry. 
. . . We agree heartily in the system adopted by Drs. Dupr^ and Hake. Will makb 

EXPERIMENTAL WORK TREBLY INTERESTING BECAUSE INTELLIGIBLE." — Saturday 

/Review. 

EL BORNE (W., F.L.S., F.C.S., late Assistant- 

Lecturer in Materia Medica and Pharmacy, Owens College, Manchester): 
PHARMACY AND MATERIA MEDICA (A Laboratory Course of): 
Including the Principles and Practice of Dispensing. Adapted to the 
Study of the British Pharmacopoeia and the requirements of the Private 
Student. With Litho-Plates, and numerous Illustrations. Large crown 
yvD. Cloth, 8s. 6d. 

EWART (J. COSSAR, M.D., F.R.S.E., Regius 

Professor of Natural History, University of Edinburgh) : 

THE PRESERVATION OF FISH, in reference to Food Supply 
Hints on). In Cro\vn 8vo, Wrapper, 6d. 

GARROD (A.E., M.A., M.D., Oxoa, M.R.C.P.. 

.\ssistant-Physician to the W^est London Hospital, &c.): 

RHEUMATISM AND RHEUMATOID ARTHRITIS (A Treatise 
nn) : for the Use of Students and Practitioners. With Charts and Illus- 
IraUons. Medium 8vo. Cloth, 21s. 
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GRIFFIN (John Joseph, F.C.S.) : 

CHEMICAL RECREATIONS: A Popular Manual of Experimental 
Chemistry. With 540 Engravings of Apparatus. Tenth Edition, Crown 
4to. Cloth. 

Part I. — Elementary Chemistry, 2/. 

Part II. — The Chemistry of the Non-Metallic Elements, including a 
Comprehensive Course of Class Experiments, 10/6. 
Or, complete in one volume, cloth, gilt top, • . 12/6. 

HAD DON (A. C, M.A., F.Z.S., Professor of 

Zoology at the Royal College of Science, Dublin) : 

AN INTRODUCTION TO THE STUDY OF EMBRYOLOGY, 

for the use of Students. With 190 Illustrations. In Royal 8vo, Cloth, i8s. 

** An EXCELLENT REsuME OF RECENT RESEARCH, wcU adapted for self-study. . . . 
Gives remarkably good accounts (including all recent work) of the development of the 
heart and other organs. . . . The book is handsomely got VL^"^Lancet. 

" Prof. Haddon has the real scientific spirit for work of this kind. . . . The 
development of the various organs ably demonstrated. . . . Forms a handsome 
volume."— ^r//. Med. Journal. 

HUMPHRY (L., M.A., M.B., M.R.C.S., Assistant- 

Physician to, and Lecturer to Probationers at, Addenbrooke's Hospital, 
Cambridge) : 

NURSING (A Manual of) : Medical and Surgical. With Numerous 
Illustrations. Second Edition, Crown 8vo, Cloth, 3s. 6d. 

" We would advise all Nurses to possess a copy."— T^A^ Hospital. 

JAKSCH (Prof. R. von, University of Graz) : 

CLINICAL DIAGNOSIS : A Text-book of the Chemical, Micro- 
scopical, and Bacteriological Evidence of Disease. Translated from the 
Second German Edition, by James Cagney, M.A., M.D., St. Mary's 
Hospital. With additions by Wm. Stirling, M.D., Sc.D., Prof, of 
Physiology, Owens College, Manchester. With numerous Illustrations in 
Colour. Medium 8vo, 25s. 

LANDIS (Henry G., A.M., M.D., Professor of 

Obstetrics in Starling Medical College) : 

THE MANAGEMENT OF LABOUR AND OF THE LYING-IN 
PERIOD. In 8vo, with Illustrations. Cloth, 7/6. 

" Fully accomplishes the object kept in view by its author. . . . Will be fotmd 
of GREAT VALUE by the young practitioner."— G/ax^w Medical youmaL 

LEWIS (W. Bevan, L.R.C.P., M.R.C.S., Medical 

Director of the West-Riding Asylum, Wakefield) : 

MENTAL DISEASES (A Text-book of) : With Special Reference to 
the Pathological Aspects of Insanity. For the Use of Students and Practi- 
tioners. With 18 Litho- Plates, Charts, and Illustrations. Royal 8vo, 28/. 
''A splendid addition to the literature of mental diseases. . . . Every page 
bristles with important facts. As a standard work on the pathology of mental diseases 
the volume should occupy a prominent place." — Dublin Medical Journal. 
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By Professors LANDOIS and STIRLING. 

HUMAN PHYSIOLOGY 

(A TEXT-BOOK OF): 

Including Histology and Microscopical Anatomy, 
WITH SPECIAL REFERENCE TO PRACTICAL MEDICINE, 

By Dr. L. LANDOIS, 

Prof* of RrvsiOLOGV, University of Greifswald. 

Translated from the Sixth German Edition, with Annotations and Additions, 

By WM. STIRLING, M.D., ScD., 

DRACKBNBURY PROFESSOR OF FHVSIOLOGY IN OWENS COLLEGE, AND VICTORIA UNIVERSITY, 
MANCHESTER ; EXAMINER IN THE UNIVERSITIES OF OXFORD AND CAMBRIDGE. 

Royal 8vo, Handsome Cloth. 34s. 

WSiki\ htqi Itumcrons JUnstrations. 

THIRD ENGLISH EDITION. 

QENERAl. CONTENTS, 

^AitT I. — ^ITiysioIogy of the Blood, Circulation, Respiration, Digestion, Absorption, 
Animal Heat, Metabolic Phenomena of the Body. 

Part II. — Secretion of Urine; Structure of the Skin; Physiology of the Motor 
Apparatus ; the Voice and Speedi ; General Physiology of the Nerves ; Electro-Physiology ; 
the Brain ; Organs of Vision, Hearing, Smell, Taste, Touch ; Physiology of Development. 

%• Since its first appearance in 1880, Prof. Landois' Text- 
Book OF Physiology has been translated into three Foreign 
languages, and passed through five large editions. 

To meet the wishes of Students, the Third English Edition 
has been issued in One Volume, printed on specially prepared 
paper. Numerous Additions have been made throughout, bringing 
the work abreast in all respects of the latest researches in Physiology 
and their bearing on Practical Medicine ; and the number of 
Illustrations has also been largely increased — from 494 in the 
First to 692 in the present Edition. 

"So great are the advantages offered by Prof. Landois* Text-book, from the 
EXHAUSTIVE and EMINENTLY PRACTICAL manner in which the subject is treated, that 
it has passed through four large editions in the same number of years. . . . Dr. 
Stirling's annotations have materially added to the value of the work. AdmiraUy adapted 
for the Practitioner. . . . With this Text-book at command, no Student could fail 
IN his EXAMINATION."— TAtf Lancet. 

"One of the most practical works on Physiology ever written, forming a 'bridge' 
between Physiology and Practical Medicine. ... Its chief merits are its completeness 
and conciseness. . . . The additions by the Editor are able and judicious. . . . 
Excellently clear^ attractive, and succinct."— ^nV. Med. Journal. 

" The great subjects dealt with are treated in an admirably clear, terse, and happily- 
iUustrated manner. At every turn the doctrines laid down are illuminated by reference to 
facts of Clinical Medicine or PzXhoXogy." —P9 actiiioner. 

"We have no hesitation in saying that this is the work to which the Practitioner 
will turn whenever he desires light thrown upon, or information as to how he can best 
investigate, the phenomena of a complicated or important case. To the Student it 
will be EQUALLY VALUABLE.** — Edinburgh Medicul youmal. 

"Landois and Stirling's work cannot fail to establish itself as one of the most useful 
and popubr works known to English readers." — Manchester Medical Chronicle. 

'* As a work of reference, Landois and Stirling's Treatise ought to take the 
foremost place among the text-books in the English language. The woodcuts are 
noticeable for their number and h^SLVXy."— ^Glasgow Medical youmal, 

" Unquestionably the most admirable exposition of the relations of Human Physiology 
to Practical Medicine that has ever been laid before English readers." — Students* youmaU 
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By Dra. MEYER and FERGUS. 

Now Beady, with Three Coloured Plates and numeroits Illustrations. 
Royal ^vo. Handsome Cloth, 25s. 

DISEASES OF THE EYE 

(A PRACTICAL TREATISE ON), 

By EDOUARD MEYER, 

Prof, a VEcole Pratique de la Faculty de M6decine de Paris, 
Chev. of the Leg, of Honour, <fcc. 



Translated from the Third French Edition, with Additions as 

contained in the Fourth German Edition, 

By F. FERGUS, M.B., Ophthalmic Surgeon, Glasgow Infirmary. 



The particular features that will most commend Dr. Meyer's work 
to English readers are — its conciseness, its helpfulness in explana- 
tion, and the practicality of its directions. The best proof of its 
worth may, perhaps, be seen in the fact that it has now gone through 
three French and four German editions, and has been translated into 
most European languages — Italian, Spanish, Russian, and Polish — and 
even into Japanese. 



Opinions of the Press. 

" A GOOD TRANSLATION^ OF A GOOD BOOK. ... A sooND GUIDE in the diagnosis and treatment of 
the varioils diseases of the eye that are likely to fall under the notice of the general Practitioner. 
The Paper, Type, and Ohromo-LithographB are all that could be desired. . . . We know of no work 
in which the diseases and dsforxitibs of the lids are more fully treated. Numerous figures illus- 
trate almost every defect remediable by operation." — Practitioner. 

" A VKRT TRUSTWOSTaT GUIDE in all respects. . . . thoroughlt practical. Excellently trans- 
lated, and very well got up. Type, Woodcuts, and Ohromo-Lithographs are alike excellent*'— 
Lanctt. 

" Any Student will find this work of great yalub. . . . The chapter on Cataract is excellent 
. . . The Illustrations describing the yarious plastic operations are specially helpful."--i}r»<. 
Med. Journal, 

"An EXCELLENT TRANSLATION of a Standard French Text-Book. . . . We can cordially recom- 
mend Dr. Meyer^B w jrk. It is essentiaUy a practical ;work. The Publishers have done their part 
in the tasteful and sabstanti^l manner characteristic of their medical publication&**->{^fAa/mic 
JUview, 

A3 
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LINN (S.H., M.D., D.D.S., Dentist to the Imperial 

Medico-Chirurgical Academy of St. Petersbui^) : 

THE TEETH : How to preserve them and prevent their Decay. A 
Popular Treatise on the Diseases and the Care of the Teeth, With 
Plates and Diagrams. Crown 8vo. Cloth, 2/6. 

LONGMORE (Surgeon-General, CB., Q.H.S., 

F.R.C.S., &c., Professor of Military Surgery, Army Medical School): 

THE SANITARY CONTRASTS OF THE CRIMEAN WAR. 
Demy 8vo. Cloth limp, 1/6. 

" A most valuable contribution to Military Medicine,"— ^r»^A Medical y^umaL 
" A most concise and intesesUng Review." — Lancet, 

MACALISTER (A., M.D., F.R.S., Professor of 

Anatomy, University of Cambridge) : 

HUMAN ANATOMY : Systematic and Topographical (A Text-book 
of), including the Embryology, Histology, and Morphology of Man, with 
Special Reference to the Requirements of Practical Surgery and Medicine. 
With 816 Illustrations. Medium 8vo. 36s. 

" By far the most important work on this subject which has appeared in recent years. 
. . . Not only deals with Descriptive and Topographical Anatomy, but is also a 
complete treatise on Human Embryology, Histology, and Morphology. ' — The Lancet. 

OBERSTEINER (Prof. H., University of Vienna): 

THE CENTRAL NERVOUS ORGANS. A Guide to the Study 
of their Structure in Health and Disease. Translated, with annotations 
and additions, by Alex. Hill, M.A., M.D., Master of Downing Collie, 
Cambridge. With all the Original Illustrations. Medium 8vo, 25s. 

PARKER (Prof. W. Kitchen, F.R.S., Hunterian 

Professor, Royal College of Surgeons): 

MAMMALIAN DESCENT; being the Hunterian Lectures for 1884. 
Adapted for General Readers. With Illustrations. In 8vo, cloth, 10/6, 

"A rery striking hook ... as readable as a book of travels. Prof. Parker 
is no Materialist." — Leicester Pest. 

PORTER (Surgeon-Major J. H., Late Assistant 

Professor of Military Surgery in the Army Medical School): 

THE SURGEON'S POCKET-BOOK : an Essay on the Best Treat- 
ment of the Wounded in War ; for which a Prize was awarded by Her 
Majesty the Empress of Germany. Specially adapted to the Public 
Medical Services. With 152 Illustrations and folding-plate, fcp. 
8vo, roan, 7/6. Third Editiofty Revised and Enlarged, By Brigade- 
Surgeon C. H. Y. Godwin, of the Army Medical School. 

" Every Medical Officer is recommended to have the * Surgeon's Pocket-Book ' by 
Surgeon-Major Porter^ accessible to refresh his memory and fortify his judgment. 
— Pricis of Field-Service Medical Arrangements for Afghan War. 

'*A complete vade mecum to guide the military surgeon in the field."— ^rrVu^l 
Medical yeumal. 

"A capital little book of the greatest practical value. ... A surgeon with this 
Maoual in his pocket becomes a man of resource at once.'*-— IVestminster Review. 
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SEXTON (A. Humboldt, F.C.S., Professor of 

Metallurgy, Glasgow and West of Scotland Technical College) : 

1. QUANTITATIVE ANALYSIS (Outlines of). For the Use of 
Students. With Numerous Illustrations. Third Edition, Crown 8vo, 
Cloth, 3/. 

" A ^ood and useful book. . . . Really supplies a want.**— The Lancet, 
''This is an admirable little volume, and well fulfils its purpose." — Schoolmaster* 

2. QUALITATIVE ANALYSIS (Outlines of). For the use of 
Students. With numerous Illustrations. Second Edition. Crown 8vo. 
Cloth, 3/6. 

"The Work of a thorough practical Chemist . . . and one which may be 
unhesitatingly recommended." — Brit. Medical yournal. 

STIRLING (William, M.D., D.Sc, Owens College, 

Manchester) : 

A TEXT-BOOK OF HUMAN PHYSIOLOGY {See under Landois 
and Stirling^ page lo). Third Edition, 

OUTLINES OF PRACTICAL PHYSIOLOGY : including Experi- 
mental and Chemical Physiology. With special reference to Clinical 
Medicine. A Laboratory Handbook for the use of Students. With 
142 Illustrations. In large Crown 8vo, 8/6. 

** An excellent treatise, which we can thoroughly recommend." — Lancet. 
" May be confidently recommended as a guide to the Student of Physiology." — 
Glasgow Medical yournal. 

OUTLINES OF PRACTICAL HISTOLOGY. With 344 Illustra- 
tions. Large Crown 8vo. Cloth, 12/6. 

THORBURN (John, M.D., F.R.C.P., Late 

Professor of Obstetric Medicine, Owens College and Victoria University, 
Manchester ; Obstetric Physician to the Manchester Royal Infirmary) : 

THE DISEASES OF WOMEN (A Practical Treatise on). Prepared 
with Special Reference to the Wants of the General Practitioner and 
Advanced Student. With Chromo-lithograph, and over 200 Illustrations. 
Royal 8vo, handsome cloth, 21/. 

The ENTIRE WORK is IMPARTIAL and INSTRUCTIVE, and in every way worthy of its 
author." — British Medical Jom nal. 

THORBURN (Wm., B.S., B.Sc, M.D., F.R.C.S., 

Assistant- Surgeon to the Manchester Royal Infirmary) : 

THE SURGERY OF THE SPINAL CORD (A Contribution to). 
With Diagrams, Tables, and Illustrations. Medium 8vo. Handsome 
cloth, I2s. 6d, 

THORNTON (J. Knowsley, M.B., M.C., Surgeon 

to the Samaritan Free Hospital for Women, &c, &c.) : 

THE SURGERY OF THE KIDNEYS. Being the Harveian. 
Lectures for 1889. With Illustrations and Tabks. Demy 8vo. Cloth, 5s. 
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GENERAL SCIENTIFIC AND TECHNICAL WORKS. 



BERINGER (C, F.I.C, F.CS., late Chief Assayer 

to the Rio Tinto Company); and BERINGER (J. J., F.I.C , F.C.S., 
Public Analyst for, and Lecturer to the Mining Association of, Cornwall) : 

ASSAYING (A Text-Book of): for the Use of Students, Mine 
Managers, Assayers, &c. With numerous Tables and Illustrations. 
Crown 8vo. Cloth, io/6. 

*' A REALLY MERITORIOUS WORK, that may be safely depended upon either for systematic 
instruction or for reference." — Nature. 

BROWNE (Walter R., M.A., M. Inst CE., 

F.G.S., late Fellow of Trinity College, Cambridge) : 

THE STUDENT'S MECHANICS : An Introduction to the Study 
of Force and Motion. With Diagrams. Crown 8vo. Cloth, 4/6. 

" Clear in style and practical in method, *Thk Student's Mechanics,' is cordially 
to be recommended from all points of view. . . . Will be of great value to Students 
desirous to gain full )aioyf\eAg^."—Atherueum, 

"The merits of the work are especially conspicuous in its clearness and brevity . . . 
deserves the attention of all who have to teach or learn the elements of Mechanics. 
. . . An excellent conception." — iVestntinster Review, 

FOUNDATIONS OF MECHANICS. 



Papers reprinted from the Engineer, In crown 8vo, i/. 



FUEL AND WATER: A Manual for 

Users of Steam and Water. By Prof. SchwackhOfer and W. R. 
Browne, M.A. (See p. 23.) 

BROUGH (B.H., F.G.S., Instructor of Mine 

Surveying, Royal School of Mines) : 

MINE SURVEYING (A Text-Book of): for the Use of Managers 
of Mines and Collieries, Students at the Royal School of Mines, City 
and Guilds of London Institute, &c. With Illustrations. Second Edition, 
Crown 8vo, cloth, 7/6. 

" Supplies a long-felt want."— /w/r. 

" A valuable accessory to Surveyors in every department of commercial enterprise.** 
— Colliery Guardian, 

" The information is given in a concise manner.'* — Engineering, 

CRIMP (W. Santo, A M. Inst. C. E., F. G. S., 

Assistant-Engineer to the London County Council) : 

SEWAGE DISPOSAL WORKS. A Guide to the Construction of 
Works for the Prevention of the Pollution of Rivers and Estuaries. With 
33 Lithographic Plates, Tables, and Illustrations in the Text. Medium 
8vo, Cloth, 25/. 
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Medium 8vo, Handsome Cloth, 30s. 

BRIDGE-CONSTRUCTION 

(A PRACTICAL TREATISE ON) : 

Being a Text-Book on the Design and Constrnction of 
Bridges in Iron and Steel. 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 

BY 

T. CLAXTON FIDLER, M. INST. C.E. 
'vPdlitb mumecoua moo^cuta an^ 17 Xltbodcapbic fMatea* 



The object of this book is to describe the modern practice of 
Bridge-Construction, and to set forth in the simplest language 
the mechanical principles and experimental facts on which it is 
based. The design and arrangement of the work have been 
dictated by a desire to render it as useful as possible, not 
only to Engineers or Draughtsmen who may be engaged in the 
work of Bridge-Calculations and Bridge-Construction, but also 
to Students. With this object, the earlier chapters of the work 
are devoted to a simple demonstration of those mechanical 
principles which must of necessity form the beginning of any 
study of the subject, and which are more fully developed and 
applied in later portions of the book. 

" Should prove not only an indispensable Hand-book for the Practical Engineer, but also 
a stimulating Treatise to the Student of Mathematical Mechanics and Elasticity." — Nature. 

" One of the very best recent works on the Strength of Materials and its application 
to Bridge-Construction. . . . Well repays a careful study." — Engineering. 

"As an exposition of the latest advances of the Science, we are glad to welcome this 
well- written Treatise." — A rchitect. 

"A Scientific Treatise of great merit, which cannot but prove useful." — Westminster 
Review. 

"Mr. Fidler's book is one which every Student of Mechanics ought to possess, and 
which merits, as it will receive, the appreciative attention of all practical vxtxi." —Scotsman. 



A full Prospectus of the above important work may be 
had on application to the Publishers. 
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GURDEN (Richard Lloyd, Authorised Surveyor 

for the Governments of New South Wales and Victoria) : 

TRAVERSE TABLES : computed to Four Places Decimals for every 
Minute of Angle up to lOO of Distance. For the use of Surveyors and 
Engineers. Second Edition, Folio, strongly half-bound, 21/. 

%* Published with Concurrence of the Surveyors- General for New South 
fVd/es and Victoria, 

" Those who have experience in exact Survey-work will best know how to appreciate 
the enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this by reference to but One Table, in place of the usual Fifteen 
minute computations required. This alone is evidence of the assistance which the Tables 
ensure to every user, and as every Surveyor in active practice has felt the want of sudx 
assistance, few knowing of their publication will remam without them." — En^neer. 

** We cannot sufficiently admire the heroic patience of the author^ who, m order to 
prevent error, calculated each result by two different modes, and, before the work was 
finally placed in the Printers' hands, repeated the operation for a third time, on revising 
the proofs." — Engitieering. 

JAMES (W. Powell, M.A.): 

FROM SOURCE TO SEA : or, Gleanings about Rivers from many 
Fields. A Chapter in Physical Geography. Cloth elegant, 3/6, 

** Excellent reading . . a book of popular science which deserves an extensive 
circulation." — Saturday Review, 

JAMIESON (Andrew, C.E., F.R.S.E., Professor 

of Engineering, Glasgow and West of Scotland Technical College) : 

STEAM AND THE STEAM ENGINE (A Text-Book on) : Specially 
arranged for the use of Science and Art, City and Guilds' of tx)ndon 
Institute, and other Engineering Students. With 200 Illustrations and 
Four Folding-Plates. Fifth Edition, Crown 8vo. Cloth, 7/6. 

" The best book yet published for the use of Students." — Engineer. 
" This is undoubtedly the most valuable and most complete hand-book of reference 
on the subject that now exists." — Marine Engineer. 

1. STEAM AND THE STEAM ENGINE (An Elementary Manual 
on), forming an introduction to the larger Work by the same Author. 
With numerous Illustrations and Examination Questions at the end of 
each Lecture. Second Edition, Crown 8vo. Cloth, 3/6. 

2. MAGNETISM AND ELECTRICITY (An Elementary Manual on). 
With numerous Illustrations and Examination Questions. Part I. — 
Magnetism. Crown 8vo, is. Part II. — Voltaic Electricity, is. 6d. 

3. APPLIED MECHANICS (An Elementary Manual on). With 
Diagrams and Examination Questions. Crown 8vo. 
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MUNRO (John, C. E.) and JAMIESON 

(Andrew, C.E., F.R.S.E.): 

A POCKET-BOOK OF ELECTRICAL RULES AND TABLES, 
for the use of Electricians and Engineers. Pocket Size. Leather, 8/6. 
Sixth Edition, revised and enlarged. With numerous Diagrams. 

*»* The Sixth Edition has been thoroughly Revised and Enlarged 
by about 120 pages and 60 new Figures. 

" Wonderfully Pkrfbct. . . . Worthy of the highest commendation we can 
give it." — Electrician. 

"The Sterling Value of Messrs. Munro and Jamibson's Pockbt-Book." — 
Electrical Review. 

MUNRO (R. D.), STEAM BOILERS: Their 

Defects, Management, and Construction. A Manual for all concerned 
in the care of Steam Boilers, but written with a special view to the 
wants of Boiler-Attendants, Mill-Mechanics, and other Artisans, With 
Numerous Illustrations. Crown 8vo, Cloth 3/6. 

** The volume is a valuable companion for workmen and engineers engaged about 
Steam Boilers, and ought to be carefully studied, and always at hand." — Colliery 
Guardian. 

*'The subjects referred to are handled in a trustworthy, clear, and practical manner. 
. . . The book is very useful, especially to steam users, artisans, and young 
engineers." — Engineer. 

NAPIER (James, F.R.S.E., F.C.S.) : 

A MANUAL OF THE ART OF DYEING AND DYEING 
RECEIPTS. Illustrated by Diagrams and Numerous Specimens of 
Dyed Cotton, Silk, and Woollen Fabrics. Demy 8vo. Third Ediiion^ 
thoroughly revised and greatly enlarged. Cloth, 21/. 

PHILLIPS (J. Arthur, F.R.S.,M. Inst.C.E.,F.C.S., 

F.G.S., Ancien Eleve de I'Ecole des Mines, Paris) : 

ELEMENTS OF METALLURGY : a Practical Treatise on the Art 
of Extracting Metals from their Ores. With over 200 Illustrations, many 
of which have been reduced from Working Drawings, and two Folding- 
Plates. Royal 8vo, 848 pages, cloth, 36/. NEW EDITION by the 
Author and Mr. H, Bauerman, F.G,S. 

General Contents. 

I.— A Treatise on Fuels and Refractory Materials. 
II.— A Description of the principal Minerals, with their Distribution. 
III. — Statistics of the amount of each Metal annually produced thjroughout the 

World. 
IV.— The Methods of Assaying the different Orbs, together with the Prockssss 
of Metallurgical Treatment. 
" ' Elements of Metallurgy' possesses intrinsic merits of the highest degree. Such a 
work is precisely wanted by the great majority of students and practical workers, and its 
very compactness is in itself a first-rate recommendation. ... In our opinion, the 
BEST WORK EVER WRITTEN ON THE SUBJECT with a view to its practical treatment." — 
Westminster Review. 

** The value of this work is almost inestimable. There can be no question that 
the amount of time and labour bestowed upon it is enormous. . . . There is certainly 
no Metallurgical Treatise in the language calculated to prove of such general utility. ' 
'-Miningjoumal. 

MANY NOTABLE ADDITIONS 

will be found in the sections devoted to 

IRON, LEAD, COPPER, SILVER, AND GOLD, 

Dealing with New Processes and Development. 
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Demy 8vo, Handsome cloth, IBs. 

Physical Geology and 
Palaeontology, 

OJV THE BASIS OF PHILLIPS. 

BY 

HARRY GOVIER SEELEY, F.R.S., 

PROFESSOR OP GEOGRAPHY IN KING'S COLLEGE, LONDON. 

vnftb yronttepfece in Cbromo«'Xftbodrapbi?t an5 Jlludtrationa* 



" It is impossible to praise too highly the research which Professor Seeley*s 
* Physical Geology* evidences. It is far more than a Text- book — it is 
a Directory to the Student in prosecuting his researches." — Extract Jroni the 
Presidential Address lo the Geological Society^ 1885, by Rev, Professor Bonney^ 
D.Sc, LL,D,, KR,S. 

" Professor Seeley maintains in his * Physical Geology ' the high 
reputation he already deservedly bears as a Teacher. . . . It is difficult, 
in the space at our command, to do fitting justice to so large a work. . . . 
The final chapters, which are replete with interest, deal with the Biological 
aspect of Palaeontology. Here we find discussed the origin, the extinction, 
succession, migration, persistence, distribution, relation, and variation of species 
— with other considerations, such as the Identification of Strata by Fossils, 
Homotaxis, Local Faunas, Natural History Provinces, and the relation of 
Living to Extinct forms." — Dr, Henry Woodward, F.R.S., in the ** Geological 
Magazine,''* 

** A deeply interesting volume, dealing with Physical Geology as a whole, 
and also presenting us with an animated summary of the leading doctrines and 
facts of Palaeontology, as looked at from a modem standpoint." — Scotsman, 

** Professor Seeley's work includes one of the most satisfactory Treatises 
on Lithology in the English language. ... So much that is not accessible 
in other works is presented in this volume, that no Student of Geology can 
afford to be without it." — American /oumal of Engineering, 

** Geology from the point of view of Evolution." — Westminster Review, 

** Professor Seeley's Physical Geology is full of instructive matter, 
whilst the philosophical spirit which it displays will charm many a reader. 
From early days the author gave evidence of a powerful and eminently original 
genius. No one has shown more convincingly than the author that, in all 
wa3rs, the past contains within itself the interpretation of the existing world." — 
Annals of Natural History, 
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Demy 8vo, Handsome cloth, 34^* 

Stratigraphical Geology 
AND Paleontology, 

ON 

THE BASIS OP PHILLIPS. 

BY 

ROBERT ETHERIDGE, F.R.S., 

OF THB NATURAL HIST. DRPARTMENT, BRITISH MUSEUM, LATE PALiBONTOLOGIST TO THB 

GEOLOGICAL SURVEY OF GREAT BRITAIN, PAST PRESIDENT OF THB 

GEOLOGICAL SOCIETY, ETC. 

Mitb Aap, mumeroua ZMicSf an^ Zhitt^^ii iplatea* 



, "In 1854 Prof. John Morris published the Second Edition of his 'Catalogue 
of British Fossils,' then numbering 1,280 genera and 4,cxx) species. Since 
that date 3,000 genera and nearly 12,000 new species have been described, 
thus bringing up the muster-roll of extinct life in the British Islands alone to 
3,680 genera and 16,000 known and described species. 

"Numerous TABLES of ORGANIC REMAINS have been prepared and 
brought down to 1884, embracing the accumulated wealth of the labours of 
past and present investigators during the last thirty years. Eleven of these 
Tables contain every known British genus, zoologically or systematically placed, 
with the number of species in each, showing their broad distribution through 
time. The remaining 105 Tables are devoted to the analysis, relation, 
historical value, and distribution of specific life through each group of strata. 
These tabular deductions, as well as the Palaeontological Analyses through the 
text, are, for the first time, fully prepared for English students." — Extract from 
Author's Preface. 

*»* Prospectus 0/ the above important work—ferhaps the most elaborate of 
its kind ever written ^ and one calculated to give a new strength to the study 
of Geology in Britain— may be had on application to the Publishers, 



' It is not too much to say that the work will be found to occupy a plfitce 
entirely its own, and will become an indispensable guide to every British 
Geolo^st. 

*' No such compendium of geological knowledge has ever been brought together before." — 
Westmifuter Review. 

" If Prop. Srelkv's volume was remarkable for its originality and the breadth of its views, 
Mr. Ethbridge fully justifies the assertion made in his preface that his book differs in con- 
struction and detail from any known manual. . . . Must take high rank among works 
OF REFEKRKCB."—AtAefueum. 
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SCIENTIFIC MANUALS 

BY 

W. J. MACQUORN RANKINE, O.E., LLD., F.R.S., 

Late Regius Professor of Civil Engineering in the University of Glasgow. 

Thoroughly Revised by W. J. MILLAR, C.E., 

Secretary to the Institute of Engineers and Shipbuilders in Scotland. 
In Crown 8vo. Cloth. 



f. RANKINE (Prof.): APPLIED MECHANICS: 

comprising the Principles of Statics and Cinematics, and Theory of Strac- 
tures, Mechanism, and Machines. With numerous Diagrams. Twelfth 
Edition^ 1 2/6. 

" Cannot fail to be adopted as a text-book. . . . The whole of the informatioa is so 
admirably arranged that there is every facility for reference." — Mining JoumaL 

n. RANKINE (Prof.): CIVIL ENGINEERING: 

comprising Engineering Surveys, Earthwork, Foundations, Masonry, 
Carpentry, Metal-work, Roads, Railways, Canals, Rivers, Water-works, 
Harbours, &c. With numerous Tables and Illustrations. Seventeenth 
Edition^ 16/. 

** Far surpasses in merit every existing work of the kind. As a manual for the hands 
of the professional Civil Engineer it is sufficient and unrivalled, and even when we say 
this, we fall short of that high appreciation of Dr. Rankine's labours which we should 
like to express." — The Engineer. 

III. RANKINE (Prof.): MACHINERY AND 

MILLWORK: comprising the Geonietry, Motions, Work, Strength, 
Construction, and Objects of Machines, &c. Illustrated with nearly 300 
Woodcuts. Sixth Edition^ 12/6. 

"Professor Rankine's * Manual of Machinery and Mill work * fully maintains the high 
reputation which he enjoys as a scientific author ; higher praise it is difficult to award to 
any book. It cannot fail to be a lantern to the feet of every engineer."— TAr Engineer. 

IV. RANKINE (Prof.): THE STEAM EN- 
GINE and OTHER PRIME MOVERS. With Diagram of the 

Mechanical Properties of Steam, Folding- Plates, numerous Tables and 
Illustrations. Twelfth Edition^ 12/6. 

V. RANKINE (Prof.): USEFUL RULES and 

TABLES for Engineers and others. With Appendix : Tables, Tests, 
and FoRMULiE for the use of Electrical Engineers; comprising 
Submarine Electrical Engineering, Electric Lighting, and Transmission 
of Power. By Andrew J amieson, C. E. , F.R. S. E. Seventh Edition, 10/6. 

"Undoubtedly the most useful collection of engineering data hitherto produced." — 
Mining youmal. 

" Every Electrician will consult it with -profit."— Engineering. 

VI. RANKINE (Prof.): A MECHANICAL 

TEXT-BOOK, by Prof. Macquorn Rankine and E. F. Bamber, 
C.E. With numerous Illustrations. Third Edition, ^j, 

" The work, as a whole, is very complete, and likely to prove invaluable for furnishing 
a useful and reliable outline of the subjects treated of. '—Mining yournoL 
%* Thb Mbchanical Text-Book forms a simple introduction to Propbssor RAMKiNn 
Series of Manuals on Engineering and Mechanics* 



SCIENTIFIC AND TECHNICAL WORKS. 21 

Prof. Rankine's WoKKS^{Comttnued), 

VII. RANKINE (Prof.): MISCELLANEOUS 

SCIENTIFIC PAPERS. Royal 8vo. Cloth, 31/6. 

Part I. Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations. Part III. Papers on Wave- Forms, Propulsion of Vessels, &c. 

With Memoir by Professor Tait, M. A. Edited by W. J. Millar, C.E. 
With fine Portrait on Steel, Plates, and Diagrams. 

^ " No more endurinjg; Memorial of Professor Rankine could be devised than the publica- 
tion of these papers in an accessible form. . . . The Collection is most valuable on 
account of the nature of his discoveries, and the beautjr and completeness of his analysis. 
. . . The Volume exceeds in importance any work in the same department published 
in our ^me/'—ArcAiUcL 

By SIB EB'WABD EEED. 

Royal 8uo, Handsome Cloth, 25s. 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., • 

KNIGHT OF THE IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSEPH OF 
AUSTRIA ; MEDJIDIE OF TURKEY ; AND RISING SUN OF JAPAN ; VICE- 
PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS. 

With numerous Illusirations and Tables, 

This work has been written for the purpose of placing in the hands of Naval Constructors, 
. Shipbuilders, Officers of the Royal and Mercantile Marines, and all Students of Naval Science, 
a complete Treatise upon the Stability of Ships, and is the only work in the English 
Language dealing exhaustively with the subject. 

The i)lan upon which it has been designed is that of deriving the fundamental principles 
and definitions from the most elementary forms of floating bodies, so that they may be 
clearly understood without the aid of mathematics ; advancing thence to all the higher and 
more mathematical developments of the subject. 

The work also embodies a very full account of the historical rise and progress of the 
Stability question, setting forth the results of the labours of Bouguer, Bernoulli, Don 
Juan d'Ulloa, Euler, Chapman, and Romme, together with those of our own Countrymen, 
Atwood, Moselev, and a number of others. 

The modem developments of the subject, both home and forei^, are likewise treated 
with much fulness, and brought down to the very latest date, so as to include the labours not 
only of Dakgmes, Reech (whose famous ^<^/«02>^, hitherto a sealed book to the majority 
of English naval architects, has been reproduced in the present work), Risbec, Ferrantv, 
DupiN, Guvou, and Davmard, in France, but also those of Rankine, Woolley, Elgar, 
John, White, Gray, Denny, Inglis, and Benjamin, in Great Britain. 

In order to render the work complete for the purposes of the Shipbuilder, whether at 
home or abroad, the Methods of Calculation introduced by Mr. F. K. Barnes, Mr. Gray, 
M. Rebch, M. Daymard, and Mr. Benjamin, are all given separately, illustrated by 
Tables and worked-out examples. The book contains more than 200 Diagrams, and is 
illustrated by a large number of actual cases, derived from ships of all descriptions, but 
especially from ships of the Mercantile Marine. 

The work will thus be foimd to constitute the most comprehensive and exhaustive Treatise 
hitherto presented to the Profession on the Science of the Stability of Ships. 

" Sir Edward Reed's * Stability of Ships ' is invaluable. In it the Student, new 
to the subject, will find the path prepared for him, and all difficulties explained with the 
utmost care and accuracy ; the Ship-draughtsman will find all the methods of calculation at 
present in use fully explained and illustrated,^ and^ accompanied by the Tables and Forms 
employed ; the Shipowner will find the variations in the Stability of Ships due to differences 
in forms and dimensions fully discussed, and the devices by which the state of his ships under 
all conditions may be graphically represented and easily understood ; the Naval Architect 
will find brought together and ready to his hand, a mass of information which he would other- 
wise have to seek in an almost endless variety of publications, and some of which he would 
possibly not be able to obtain at all f^.%zw\vtt^'* —Steamship. 
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Medium 8vo, Handsome cloth, 258. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 



HENRY ROBINSON, M. Inst. CE., F.G.S., 

FELLOW OP king's COLLEGE, LONDON ,* PROF. OF SURVEYING AND CIVIL ENGINEERING, 

king's college, etc., etc 

TPOlitb numerous TP(Iloo5cut6, an5 43 XftK>o* platea* 



Gknkral Gontents- 



The Flow of Water under Pressure. 

General Observations. 

Waterwheels. 

Turbines 

Centrifugal Pumps. 

Water pressure Pumps. 

The Accumulator. 

Hydraulic Pumping-Engine. 

Three-Cylinder Engines and 

Capstans. 
Motors with Variable Power. 
Hydraulic Presses and Lifts. 
Moveable Jigger Hoist. 
Hydraulic Waggon Drop. 
The Flow of Solids. 
Shop Tools. 
Cranes. 

Hydraulic Power applied to Bridges. 
Dock-Gate Machinery. 



Hydraulic Coal-discharging 

Machines. 
Hydraulic Machinery on board 

Ship. 
Hydraulic Pile Driver. 
Hydraulic Excavator. 
Hydraulic Drill. 
Hydraulic Brake. 
Hydraulic Gun -Carriages. 
Jets. 

• Hydraulic Ram. 
Packing. 

Power Co-operation. 
Cost of Hydraulic Power. 
Tapping Pressure Mains. 
Meters. 

Waste Water Meter. 
Pressure Reducing Valves. 
Pressure Regulator, 



"A Book of great Professional Usefulness."— /fw». 

A full Prospectus of the above important work — giving a description of the 
Plates — may be had on application to the Publishers. 
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SCHWACKHOFER and BROWNE: 

FUEL AND WATER: A Manual for Users of Steam and Water. 
By Prof. FRANZ SCHWACKHOFER of Vienna, and WALTER 
R. BROWNE, M.A., C.E., late Fellow of Trinity College, Cambridge. 
Demy 8vo, with Numerous Illustrations, 9/. 

"The Section on Heat is one of the best and most lucid ever wrviten.** ^Engineer. 

" Gintains a vast amount of useful knowledge. ... Cannot fail to be valuable to 
thousands compelled to use steam power." — Railway Engineer. 

** Its practical utility is beyond question." — Mining Journal. 

SEATON (A. E., Lecturer on Marine Engineering 

at the Royal Naval College, Greenwich, and Member of the Institute of 
Naval Architects) : 

A MANUAL OF MARINE ENGINEERING ; Comprising the 
Designing, Construction, and Working of Marine Machinery. With 
numerous Illustrations. Eighth Edition. Demy 8vo. Cloth, 18/. 

Opinions of the Press. 

** The important subject of Marine Engineering is here treated with the thoroughness 
that it requires. No department has escaped attention. . . . Gives die results of 
much close study and practical VforV.**— Engineering. 

" By far the best Manual in existence. . . . Gives a complete account of the 
methods of solving, with the utmost possible economy, the problems before the Marine 
Eneineer." — Athetueum. 

"In the three-fold capacity of enabling a Student to learn how to design, construct, 
and work a modem Marine Steam-Engine, Mr. Seaton's Manual has no rival." — Times, 

** The Student, Draughtsman, and Engineer will find this work the most valuable 
Handbook of Reference on the Marine Engine now in existence."— ^arrVi* Engitieer. 

SHELTON-BEY (W. Vincent, Foreman to the 

Imperial Ottoman Gun Factories, Constantinople) : 

THE MECHANIC'S GUIDE: A Hand-Book for Engineers and 
Artizans. With Copious Tables and Valuable Recipes for Practical Use. 
Illustrated. Second Edition. Crown 8vo. Cloth, 7/6. 

" The Mechanic's Guide will answer its purpose as completely as a whole series of 
elaborate text-books." — Mining Journal. 

TRAILL (Thomas W., F.E.R.N., M.InstC.E., 

Engineer-Surveyor-in-Chief to the Board of Trade) : 

BOILERS: THEIR CONSTRUCTION AND STRENGTH. A 
Handbook of Rules, Formula, and Tables for the Construction of Boilers ; 
Safety- Valves ; Material for Boilers ; Tables of Areas, &c. Arranged 
for the Use of Steam- Users. Second Edition^ Revised and Enlarged. 
Pocket-Size, Leather, 12s.; also for Office- Use, Cloth, 12s. 

%* In the New Issue the subject matter has been considerably extended ; Tables 
have been added for Ih^ssures up to 200 lb. per square inch, and some of the Table 
have been altered, besides which new ones and other matter have been introduced, 
which have been specially prepared and computed for the Second Edition. 

"Contains an enormous quantity of information — to be had nowhere else— arranged 
in a very convenient form. It is admirably printed, and reflects credit on the Publishers." 
Engineer. 

" Will prove a welcome and valuable addition to the literature of the subject. . . . 
We can strongly recommend Mr. Traill's book as being the most complete, eminently 
practical, and most recent work on Boilers." — Marine Engineer. 

" Will prove invaluable to the Engineer and Practical BoUcT-Taaker.'*—Praciical 
Engineer, 
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OFFICIAL YEAR-BOOK 

OF THE 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT 
BRITAIN AND IRELAND. Price 7/6; 

OOMPILED FROM OFFICIAL SOURCES. SEVENTH ANNUAL ISSUE. 
Comprising (together with other Official Information) LISTS of the 
PAPERS read during 1889 before the ROYAL SOCIETIES of LONDON 
and EDINBURGH, the ROYAL DUBLIN SOCIETY, the BRITISH 
ASSOCIATION, and all the LEADING SOCIETIES throughout the 
Kingdom engaged in the following Departmenta of Research : — 

§ 6. Economic Science and Statistics. 

5 7. Mechanical Science and Architecture. 
5 8. Naval and Military Science. 
S 9. Agriculture and Horticulture. 
§ xo. Law. 



1 1. Science Generally : i.e.f Societies occupy- 
ing themselves with-several Branches of 
Science, or with Science and Literature 
jointly. 

S a. Mathematics and Physics. 

§ 3. Chemistry and Photography. 

§ 4. Geology, Geography, and Mineralogy. 

§ 5. Biology, including Microscopy and An- 
thropology. 



§ xz. Medicine. 
5 13. Literature. 
5 13. Psychology. 
$14. Archaeology. 



" The Ykar-Book of Societies is a Record which ought to be of the greatest use for 
the progress of Science."— <St> Lyon Piayfair, F.R,8.^ K,C.B,, MP., Past-President 
ej the British Association, 

"It goes almost without saying that a Handbook of this subject will be in time 
one of the most generally useful works for th e librar y or the desk." — The Tintes, 
""""""Tiie Ykar-^ook of SociKTiE^meet^m obvious want, and promises to be a valuable 
work of reference." — Atheneeutn. 

** The Ykar-Book of Scientific and Learned Societies meets a want, and is there- 
fore sure of a welcome." — Westminster Review. 

" In the Year-Book op Societies we have the First Issusof what is, without doubt, 
a very useful work." — Spectator. 

" The Year-Book of SoasTiES fills a very real want. The volume will become a 
Scientific Directory, chronicling the work and discoveries of the year, and enabling the worker 
in one branch to try his hand in all that interests him in kindred lines of research. We trust 
that it will meet with an encouraging reception." — Engineering. 

"The Official Year-Book of Societies, which has been prepared to meet a want long 
felt by scientific workers of a Representative Book, will form a yearly record of Scientific Pro- 
gress, and a Handbook of Reference. ... It is carefully printed, and altogether well got 
up." — Public opinion. 

Copies of the First Issue, giving an Account of the History, 
Organisation, and Conditions of Membership of the various 
Societies [with Appendix on the Leading Scientific Societies 
throughout the world], and forming the groundwork of the 
Series, may still be had, price 7/6. Also Copies of the following 
Issues, 

The YEAR-BOOK OF SOCIETIES forms a complete index to 
THE SCIENTIFIC WORK of the year in the various Departments. 
It is used as a ready Handbook in all our great Scientific 
Centres, Museums, and Libraries throughout the Kingdom, and 
will, without doubt, become an indispensable book of reference 
to every one engaged in Scientific Work. 

"We predict that the year-book of societies will speedily become one of thote Year- 
Books WHICH IT WOULD BE IMPOSSIBLE TO DO WITHOUT." — Bristoi MiTCury, 
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EDUCATIONAL WORKS. 



*** Specimen Copies of all the Educational Works published by Messrs, 
Charles Griffin and Company may be seen at the Libraries of the College of 
Preceptors, South Kensington Museum, and Crystal Palace; also at the depSts 
of the Chief Educational Societies, 



BRYCE (Archibald Hamilton, D.C.L., LL.D.. 

Senior Classical Moderator in the University of Dublin) : 

THE WORKS OF VIRGIL. Text from Heyne and Wagner, 
English Notes, original, and selected from the leading German and 
English Commentators. Illustrations from the antique. Complete in 
One Volume. Fourteenth Edition, Fcap 8vo. Cloth, 6/, 

Or, in Three Parts : 

Part I. Bucolics and Georgics, . . 2/6. 

Part II. The ^Eneid, Books I.-VI., . 2/6. 

Part III. The ^Eneid, Books VII.-XII.,. 2/6. 

" Contains the pith of what has been written by the best scholars on the subject. 
, . . The notes comprise everything that the student can want."— yi/A««K^«»r. 

** The most complete, as well as elegant and correct edition of Virgil ever published in 
this covaktTy."—£kitcatwnat Times. 

**The best commentary on Virgil which a student can ohtain.**—Sc0tsman. 

COBBETT (William): ENGLISH GRAMMAR, 

in a Series of Letters, intended for the use of Schools and Young Persons 
in general. With an additional chapter on Pronunciation, by the Author's 
Son, Tames Paul Cobbett. 1 he only correct and authorised Edition, 
Fcap 8vo. Cloth, 1/6. 

"A new and cheapened edition of that most excellent of all English Grammars, 
WilUam Cobbett's. It contains new copyright matter, as well as includes the equally 
amusing and instructive ' Six Lessons intended to prevent Statesmen from writing in an 
awkward manner.'" — Atlas. 

COBBETT (William): FRENCH GRAMMAR. 

Fifleentk Edition, Fcap 8vo. Cloth, 3/6. 

" Cobbett's 'French Grammar' comes out with perennial freshness. There are few 
grammars OQual to it for those who are learning, or desirous of learning, French without 
a teacher. The work is excellently arranged, and in the present edition we note certain 
careful and wise revisions of the text." — School Board Chronicle. 

" Business men commencing the study of French will find this treatise one of the best 
adds. . . . It is largely used on the Continent." — Midland Counties Herald, 

COBBIN'S MANGNALL: MANGNALL'S 

HISTORICAL AND MISCELLANEOUS QUESTIONS, for the use 
of Young People. By Richmal Mangnall. Greatly enlarged and 
corrected, and continued to the present time, by Ingram Cobbin, M.A. 
F^ fourth Th4msand. New Illustrated Edition, l2mo. Cloth, 4/. 
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COLERIDGE (Samuel Taylor): A DISSER- 

TATION ON THE SCIENCE OF METHOD. {Encyclopedia 
MetrapoHtana,) With a Synopsis. Ninth Edition. Cr. 8vo. Cloth, 2/. 



CRAIK'S ENGLISH LITERATURE. 
A COMPENDIOUS HISTORY OF 

ENGLISH LITERATURE AND OF THE ENGLISH LANGUAGE 
FROM THE NORMAN CONQUEST. With numerous Specimens. 
By George Lillie Craik, LL.D., late Professor of History and 
English Literature, Queen's College, Belfast. New Edition, In two 
vols. Royal 8vo. Handsomely bound in cloth, 25/, 

GENERAL CONTENTS. 

Introductory. 
I.— The Norman Period— The Conquest. 
II.— Second English— Commonly called Semi-Saxon. 
III.— Thiiid English— Mixed, or Compound English. 
IV. — Middle and Latter Part of the Seventeenth Century. 
V. — The Century between the English Revolution and 

the French Revolution. 
VI. — The Latter Part of the Eighteenth Century. 
VII.— The Nineteenth Century (a) The Last Age of the 

Georges. 
{b) The Victorian Age. 
With numerous Excerpts and Specimens of Style, 

** Anyone who will take the trouble to ascertain the fact, will find how completely 
even our great poets and other writers of the last generation have already faded from the 
view of the present, with the most numerous class of the educated and reading public. 
Scarcely anything is generally read except the publications of the day. Yet nothing 

IS MORE CERTAIN THAN THAT NO TRUE CULTIVATION CAN BE SO ACQUIRED. This is 

the extreme case of that entire ignorance of history which has been affirmed, not with 
more point than truth, to leave a person always a child. . . . The present work 
combines the History of the Literature with the History of the Language. 
The scheme of the course and revolutions of the language which is followed het« is 
extremely simple, and resting not upon arbitrary, but upon natiu^l or real distinctions, 
gives us the only view of the subject that can claim to be regarded as of a scientific 
character." — Extract from the Authors Preface. 

'* Professor Craik has succeeded in making a book more than usually agreeable.**— 
The Times- 

CRAIK (Prof.): A MANUAL OF ENGLISH 

LITERATURE, for the use of Colleges, Schools, and Civil Service 
Examinations. Selected from the larger work, by Dr. Craik. Tenth 
Edition, With an Additional Section on Recent Literature, by Henry 
Craik, M. A., Author of " A Life of Swift." Ciown 8vo. Cloth, 7/6. 

"A Manual of English Literature from so experienced and well-read a scholar as 
Professor Craik needs no other recommendation than the mention of its existence."— 
Sfecffttor. 

" Uhis augmented effort will, we doubt not, be received with decided approbation 
^^y those who are entitled to judge, and studied with much profit by those who want 
to learn. ... If our young readers will fpve healthy perusal to Dr. Craik's work, 
ihty will greatly benefit by the wide and sound views he has placed before them.** — 
AtAerueum. 

'* The preparation of the New Issue has been entrusted to Mr. Henry Craik, 
nSccrctary to the Scotch Education Department, and well known in literary circles 
a& the author of the latest and best Life of Swilt. ... A Series of Test Questions 
is added, which must prove of great service to Students studying alone."— ^^jr^ow 
/ftrald. 
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WORKS BY REV. C. T. CRUTTWELL, MJV., 

Late Fellow of Merton College, Oxford. 

I.— A HISTORY OF ROMAN LITERA- 
TURE : From the Earliest Period to the Times of the Antonines. Fourth 
Edition, Crown 8vo. Cloth, 8/6. 

" Mr.- Cruttwell has done a real service to all Students of the Latin Language and 
Literature. . . . Full of good scholarship and good criticism."— .<4/A^«««»r. 

**A most serviceable — indeed, indispensable — ^gfuide for the Student. . . . The 
* general reader ' will be both charmed and" instructed." — Saturday Review. 

** The Author undertakes to make Latin Literature interesting, and he has succeeded. 
There is not a dull page in the volume." — Academy. 

" TTie great merit of the work is its fulness and accuracy."— GKar</i««. 

*' This elaborate and careful work, in every respect of high merit. Nothing at aU 
equal to it has hitherto been published in England. — British Quarterly Review. 

Companion Volume, Second Edition, 

II.— SPECIMENS OF ROMAN LITERA- 

TURE : From the Earliest Period to the Times of the Antonines. Passages 
from the Works of Latin Authors, Prose Writers, and Poets : 

Part I.— Roman Thought: Religion, Philosophy and Science, 

Art and Letters, 6/. 
PartJI. — Roman Style: Descriptive, Rhetorical, and Humorous 
_ s, 5/. 

Or in One Volume complete, io/6. 
Edited by C. T. Cruttwell, M.A., Merton College, Oxford; and 
Peake Banton, M.A., some time Scholar of Jesits College, Oxford. 

"'Specimens of Roman Literature' marks a new era in the study of Latin." — 
English Churchman, 

A work which is not only useful but necessary. . , . The plan gives it a standing- 
ground of its own. . . . The sound judgment exercised in plan and selection calls 
lor hearty commendation." — Saturday Keview. 

It is hai'd to conceive a completer or handier repertory of specimens of Latin 



thought and sXy\^'*— Contemporary Review. 

*J^ KEY to Part IL, Period II. (being a complete Translation 
of the 85 Passages composing the Section), by Thos. Johnston, M.A., 
may now be had (by Tutors and Schoolmasters only) on application 
to the Publishers. Price 2/6. 

III.— A HISTORY OF EARLY CHRISTIAN 

LITERATURE. For the use of Students and General Readers. 8vo, 
Handsome Cloth. [In Preparation, 

C U R R I E (Joseph, formerly Head Classical 

Master of Glasgow Academy) : 

THE WORKS OF HORACE: Text from Orellius. English 
Notes, original, and selected from the best Commentators. Illustrations 
from the antique. Complete in One Volume, Fcap Svo. Cloth, 5/. 
Or in Two Parts : 

Part I.— Carmina, 3/. 

Part II. — Satires and Epistles, . . 3/. 

"The notes are excellent and cxhA\xs.\xv^."— Quarterly yourtuU of Education. 

EXTRACTS FROM CAESAR'S COM- 

MENTARIES ; containing his description of Gaul, Britain, and Germany. 
With Notes, Vocabulary, &c. Adapted for Young Scholars. Fourth 
Edition, i8mo. Cloth, 1/6. 
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DOERING (E.) AND GR^ME (E.) : 

HELLAS : AN INTRODUCTION TO GREEK ANTIQUITIES, 
comprising the Geography, Religion, and Myths, History, Art, and 
Culture of Old Greece. On the basis of the German work by E. 
Doering, with additions by Elliott Gneme. In large 8vo, with Map 
and Illustrations. 

Part I. — The Land and the People : the Religion and Myths of Old 
Greece. 

%* In the English version of Mr. Doerine's work, the simple and interesting style of 
the original— written for young Students— has been retained ; but, throughout, such 
additions and emendations have been made, as render the work suitable for more 
advanced Students, and for all who desire to obtain, within moderate compass, more 
than a superficial acquaintance with the great People whose genius and culture have so 
largely influenced our own. The results of the latest researches by Dr. Schlibmamn, 
MM. FouQUB, Carapanos, and others, are incorporated. 

D'ORSEY (Rev. Alex. J. D., B.D., Corpus 

Christi Coll., Cambridge, Lecturer at King's College, London) : 

SPELLING BY DICTATION: Progressive Exercises in English 
Orthography, for Schools and Civil Service Examinations. Sixteenth 
Thousand, i8mo. Cloth, i/. 

FLEMING (William, D.D., late Professor of 

Moral Philosophy in the University of Glasgow) : 

THE VOCABULARY OF PHILOSOPHY: Psychological, 
Ethical, and Metaphysical. With Quotations and References for the 
Use of Students. Revised and Edited by Henry Calderwood, LL.D., 
Professor of Moral Philosophy in the University of Edinburgh. Fourth 
Edition, enlarged. Crown 8vo. Cloth, io/6. 

" The additions by the Editor bear in their clear, concise, vigorous expression, the 
stamp of his powerful intellect, and thorough command of our language. More^ than 
ever, the work is now likely to have a prolonged and useful existence, and to facilitate 
the researches of those entering upon philosophic studies." — Weekly Kevinv. 

JEVONS (Frank B., M.A., University of Durham, 

sometime Scholar of Wadham College, Oxford) : 

A HISTORY OF GREEK LITERATURE, from the Earliest Times 
to the Death of Demosthenes. Second Edition. Crown 8vo. Cloth, 8/6. 

" It is beyond all question the best history of Greek literature that has hitherto 
been published." — Spectator. 

" An admirable text-book.'* — Westminster Tievfew. 

*' Mr. Jevons' work supplies a real want."- Contemporary Review. 

"Mr. Jevons' work is distinguished by the Authors thorough acquaintanck with 
THE OLD WRITERS, and his DISCRIMINATING USB of the MODERN LITERATURE bearing 
upon the subject. . . . His great merit lies in his bxcbllbnt exposition of the 
POLITICAL AND SOCIAL CAUSES concemed in the development of the Literature of Greece." 
— Berlin Philologische Wochenschrift. 

** As a Text-Book, Mr. Jevons' work from its excellence deserves to servb AS A 
MODEL." — Deutsche Litteraturzeiiung. 



AND DR. O. SCHRADER: 



THE PREHISTORIC ANTIQUITIES OF THE ARYAN 
PEOPLES (See p. 30). 
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McBURNEY (Isaiah, LL.D.,): EXTRACTS 

FROM OVID'S METAMORPHOSES. With Notes, Vocabulary, &c 
Adapted for Young Scholars. Third Edition. i8mo. Cloth, 1/6. 

MENTAL SCIENCE: S. T. COLERIDGE'S 

celebrated Essay on METHOD ; Archbishop Whately's Treatises on 
Logic and Rhetoric. Tenth Edition, Crown 8vo. Cloth, $/. 

MILLER (W. Galbraith, M.A., LL.B., Lecturer 

on Public Law, including Jurisprudence and International Law, in the 
University of Glasgow) : 

THE PHILOSOPHY OF LAW, LECTURES ON. Designed 
mainly as an Introduction to the Study of International Law. In 8vo. 
Handsome Cloth, 12/. Now Ready, 

"Mr. Miller's 'Philosophy of Law* bears upon it the stamp of a wide culture 
and of an easy acquaintanceship with what is best m modern continental speculation. 
. . , Intercstingand valuable, because suggestive/'— 7<?«r7M!/^7«rM/rw<i;f«^^. 



WORKS BY WILLIAM RAMSAY, M.A„ 

Trinity College, Cambridge, late Professor of Humanity in the University of Glasgow. 



MANUAL OF ROMAN ANTIQUITIES. 

For the use of Advanced Students. With Map, 130 Engravings, and very 
copious Index. Fourteenth Edition, Crown 8vo. Cloth, 8/6. 

'^ Comprises all the results of modem improved scholarship within a moderate com* 
pass. "— ^ themeum, 

AN ELEMENTARY MANUAL OF 

ROMAN ANTIQUITIES. Adapted for Junior Claj«es. With numerous 
Illustrations. Eighth Edition. Crown 8vo. Cloth, 4/. 

A MANUAL OF LATIN PROSODY, 

Illustrated by Copious Examples and Critical Remarks. For the use 
of Advanced Students. Seventh Edition. Crown 8vo. Cloth, 5/. 
*' There is no other work on the subject worthy to compete with it.*''-' A thenofum, 

AN ELEMENTARY MANUAL OF 

LATIN PROSODY. Adapted for Junior Classes. Crown 8to. Cloth, ss. 
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THE SCHOOL BOARD READERS : 

A Series of Standard Reading-Books. 

EDITED BY A FORMER H.M. INSPECTOR OF SCHOOLS. 

Adopted by many School Boards throughout the Country, 

Standard III., . . 9d. 

„ IV., . IS. od. 

„ v., . ^ , IS. 6d. 

,, VI., , . 2s. od. 

Key to the Questions in Arithmetic in 2 Parts, each 6d, 

"Thb Books generally ark very much what we should desire."— ?'/>/?«. 
"The Series is decidkdlyonb of the best that have yet appeared." — Athefueum, 



Elementary Reader, Part I., id, 

>f >> s» Ai., 2a. 

Standard I., . . . 4d. 
„ II 6d. 



THE SCHOOL BOARD MANUALS 

On the Specific Subjects of the Revised Code, 

BY A FORMER H.M. INSPECTOR OF SCHOOLS, 

Editor of the " School Board Readers," 

64 pages, stiff wrapper. 6d. ; neat cloth, ^d, each. 

I.— algebra. v.— animal physiology. (Well 

II.— ENGLISH HISTORY. Illustrated with good Engravings.) 

III.- GEOGRAPHY. VI.— BIBLE HISTORY. (Entirely free 
IV.— PHYSICAL GEOGRAPHY. from any Denominational bias.) 



SCHRADER (Dr. O.) and JEVONS (F. B., M.A.): 

THE PREHISTORIC ANTIQUITIES OF THE ARYAN 
PEOPLES: Translated from the Second German Edition by 
F. B. Jevons, M. A., author oi ^^ A History of Greek Literature," Demy 
8vo. Handsome cloth, gilt top, 21/. 

%* The Publishers have pleasure in announcing that to the English Trans'ation of 
Dr. Schrader's well-known " Sprachvergleichung und Urgeschichte "—a work which 
commends itself alike to the Scholar by its thoroughness and the moderation of its tone, 
and to the General Reader by its clear and interesting style- an Introduction is 
furnished by the Author. 

SENIOR (Nassau William, M.A., late Professor 

of Political Economy in the University of Oxford): 

A TREATISE ON POLITICAL ECONOMY : the Science which 
treats of the Nature, the Production, and the Distribution of Wealth. 
Sixth Edition, Crown 8vo, Cloth. {^Encyclopedia Metropolitasta)^ 4/. 

THOMSON (James): THE SEASONS. With 

an Introduction and Notes by Robert Bell, Editor of the ** Annotated 
Series of British Poets." Third Edition. Fcap 8vo. Cloth, 1/6. 
** An admirable introduction to the study of our English classics." 

WHATELY (Archbishop): LOGIC— A Treatise 

on. With Synopsis and Index. {Encyclopcedia Metropolitana\ 3/. 

R H E T O R I C— A Treatise on. With 



Synopsis and Index. {Encyclopcedia Metropolitana)^ 3/6. 
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WORKS IN GENERAL LITERATURE. 



BELL (Robert, Editor of the "Annotated Series of 

British Poets ") : 

GOLDEN LEAVES FROM THE WORKS OF THE POETS 
AND PAINTERS. Illustrated by Sixty-four superb Engravings on 
Steel, after Paintings by David Roberts, Stan field, Leslie, Sto- 
THARD, Haydon, Cattermole, Nasmyth, Sir Thomas Lawrence, 
and many others, and engraved in the first style of Art by Finden, 
Greatbach, Lightfoot, &c. Second Edition, 4to. Cloth gilt, 21/. 

" 'Golden Leaves' is by far the most important book of the season. The Illustrations 
are really works of art, and the volume does credit to the arts of England." — Saturday 
Review. 

*'The Poems are selected with taste and judgment."— TYww. 

"The engravings arc from drawings by Stothard, Newton, Danby, Leslie, and 
Turner, and it is needless to say how charming are many of the above here given." — 
Athentgum. 



THE WORKS OF WILLIAM COBBETT. 
THE ONLY AUTHORISED EDITIONS. 

COBBETT (William) : ADVICE TO YOUNG 

Men and (incidentally) to Young Women, in the Middle and Higher 
Ranks of Life. In a Series of Letters addressed to a Youth, a Bachelor, 
a Lover,' a Husband, a Father, a Citizen, and a Subject. New Edition , 
With admirable Portrait on SteeL Fcap 8va Cloth, 2/6. 

"Cobbett's great qualities were immense vigour, resource, energy, and courage, 
joined to a force of understanding, a degree of logical power, and above all a force of 
expression, which have rarely been equalled. . . . He was the most English of 
Englishmen." — Saturday Review. 

"With all his faults, Cobbett's style is a continual refreshment to the lover of 
* English undefiled.' "—PaU Mall Gazette, 

— ^ COTTAGE ECONOMY: Containing 

information relative to the Brewing of Beer, Making of Bread, Keeping of 
Cows, Pigs, Bees, Poultry, &c. ; and relative to other matters deemed 
useful in conducting the affairs of a Poor Man*s Family. Eighteenth 
Edition^ revised by 9ie Author's Son. Fcap 8vo. Cloth, 2/6. 



32 CHARLES ORIFFIN dt CO.*S PUBLICATIONS. 

William Cobbett's Works— {Continued). 

COBBETT (Wm.): EDUCATIONAL WORKS. 

(See page 25.) 

A LEGACY TO LABOURERS: An 



Argument showing the Right of the Poor to Relief from the Land, With 
a Preface by the Author's Son, John M. Cobbett, late M.P, for Oldham. 
New Edition, Fcap 8vo. Cloth, 1/6. 

** The book cannot be too much studied jus! now." — Nonconformist. 

** Cobbett was, perhaps, the ablest Political writer England ever produced, and his 
influence as a Liberal thinker is felt to this day. . . . It is a real treat to read his 
strong racy language." — Pubiic Opinion. 

A LEGACY TO PARSONS : Or, have the 

Clergy of the Established Church an Equitable Right to Tithes and 
Church Property ? New Edition. Fcap 8vo. Cloth, 1/6. 

" The most powerful work of the greatest master of political controversy this country 
has ever produced."— /*«// Mall Gazette. 

DALGAIRNS (Mrs.): THE PRACTICE OF 

COOKERY, adapted to the business of Every-day Life. By Mrs. Dal- 
GAIRNS. he best book for Scotch dislies. About Fifty new Recipes have 
been added to the present Edition, but only such as the Author has had 
adequate means of ascertaining to be valuable. Seventeenth Edition. 
Fcap 8yo. Cloth, {Jn preparation.) 

GILMER'S INTEREST TABLES: Tables for 

Calculation of Interest, on any sum, for any number of days, at ^, i, 
iK» 2, 2>^, 3, 3>^, 4, 4>^, 5 and 6 per Cent. By Robert Gilmer. 
Corrected and enlarged. Eleventh Edition. 1 2mo, Cloth, 5/. 

GR^ME (Elliott) : BEETHOVEN : a Memoir. 

With Portrait, Essay, and Remarks on the Pianoforte Sonatas, with 
Hints to Students, by Dr. Ferdinand Hiller, of Cologne, Third 
Edition. Crown 8vo. Cloth gilt, elegant, 5/. 

"This elegant and interesting Memoir. . . . The newest, prettiest, and most 
readable sketch of the immortal Master of Music." — Musical Standard. 

"A gracious and pleasant Memorial of the Centenary." — Spectator. 

" This delightful little book — concise, sympathetic, judicious." — Manchester 
Examiner, 

**We can, without reservation, recommend it as the most trustworthy and the 
pleasantest Memoir of Beethoven published in 'En^acnd,*'— Observer. 

"A most readable volume, which ought to find a place in the library of every 
admirer of the great TovLt-^ocU*' —Edinburgh Daily Review. 

A NOVEL WITH TWO HEROES. 

Second Edition, In 2 vols. Post 8vo, Cloth, 21/, 

" A decided literary s\xcccss.**—Athenaum. 

" Clever and amusing . . . above the average even of good novels . . . free 
from sensationalism, but full of interest . . . touches the deeper chords of life 
, . . delineation of character remarkably good.** —Spectator. 

" Superior in all respects to the common run of novels." — Daily News, 

*'A story of deep interest. . . . The dramatic scenes are powerful almost to pun- 
lulness in their intensity "—Scotsman. 



GENERAL LITERATURE. H 

THE EMERALD SERIES OF STANDARD AUTHORS. 

Illustrated by Engravings on Steel, after Stothard, Leslie, David 
Roberts, Stanfield, Sir Thomas Lawrence, Cattermole, &c, 
Fcap 8vo. Cloth, gilt. 

Particular attention is requested to this very beautiful series. The delicacy of the 
engravings, the excellence of the typography, and the quaint antique head and tail 
pieces, render them- the most beautiful volumes ever issued from the press of this 
country, and now, imquestionably, the cheapest of their class. 

BURNS' (Robert) SONGS AND BALLADS. 

With an Introduction on the Character and Genius of Bums. By 
Thomas Carlyle. Carefully printed in antique type, and illustrated 
with Portrait and beautiful Engravings on Steel. :Second Thousand, 
Cloth, gilt edges, 3/. 

BYRON (Lord): CHILDE HAROLD'S PH.- 

GRIMACE. With Memoir by Professor Spalding. Illustrated with 
Portrait and Engravings on Steel, by Greatbach, Miller, Light foot, 
&c., from Paintings by Cattermole, Sir T. Lawrence, H. Howard, 
and Stothard. Beautifully printed on toned paper. Third Thousand, 
Cloth, gilt edges, 3/. 

CAMPBELL (Thomas): THE PLEASURES 

OF HOPE. With Introductory Memoir by the Rev. Charles Rogers, 
LL.D., and several Poems never before published. Illustrated with Por- 
trait and Steel Engravings. Second Thousand, Cloth, gilt edges, 3/. 

CHATTER'TON'S (Thomas) POETICAL 

WORKS. With an Original Memoir by Frederick Martin, and 
Portrait. Beautifully illustrated on Steel, and elegantly printed. Fourth 
Thousand, Cloth, gilt edges, 3/. 

GOLDSMITH'S (Oliver) POETICAL WORKS. 

With Memoir by Professor Spalding. Exquisitely illustrated with Steel 
Engravings. New Edition, Printed on superior toned paper. Seventh 
Tlumsand, Cloth, gilt edges, 3/. 

GRAY'S (Thomas) POETICAL WORKS. With 

Life by the Rev. John Mitford, and Essay by the Earl of Carlisle. 
With Portrait and numerous Engravings on Steel and Wood. Elegantly 
printed on toned paper. Eton Edition^ with the Latin Poems, Sixth 
Thousand, Cloth, gilt edges, 5/. 

HERBERT'S (George) POETICAL WORKS. 

With Memoir by J. Nichol, B.A., Oxon, Prof, of English Literature in 
the University of Glasgow. Edited by Charles Cowden Clarke. 
Antique headings to each page. Second Thousand, Cloth, gilt edges, 3/. 

KEBLE (Rev. John): THE CHRISTIAN 

YEAR. With Memoir by W. Temple, Portrait, and Eight beautiful 
Engravings on Steel. Second Thousand, 

Cloth, gilt edges, . . • . 5/. 

Morocco, el^[ant, • • • • 10/6. 

Malachite, • • • ' • . 12/6. 
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The Emerald Series ^(C?if//>f ma/)* 

POE'S (Edgar Allan) COMPLETE POETICAL 

WORKS. Edited, with Memoir, by James Hannay. Full-page Illus- 
trations after Wehnert, Weir, &c. Toned paper. Thirteenth Thousand. 
Cloth, gilt edges, . . . • SA 
Malachite, . ^ . . • . lo/6. 
Other volumes in preparation, 

MACKEY'S FREEMASONRY: 

A LEXICON OF FREEMASONRY. Containing a definition of its 
Communicable Terms, Notices of its History,»Traditions, and Antiquities, 
and an Account of all the Rites and Mysteries of the Ancient World. By 
Albert G. Mackey, M.D., Secretary-General of the Supreme Council 
of the U.S., &c. Eighth Edition^ thoroughly revised with Appendix by 
Michael C. Peck, Prov. Grand Secretary for N. and E. Yorkshire. Hand- 
somely bound in cloth, 6/. 

" Of Macicey's Lexicon it would be impossible to speak in too high terms ; suffice it 
to say, that, in our opinion, it ought to be in the hands of every Mason who would 
thoroughly understand and master our noble Science. . . . No Masonic Lodge or 
Library should be without a copy of this most useful work." — Masonic News. 



HENBY MAYHEW'S CELEBRATED WORK ON 
THE STREET-FOLK OF LONDON. 

LONDON LABOUR AND THE LONDON 

POOR : A Cyclopaedia of the Condition and Earnings of those that will 
work and those that cannot work. By Henry Mayhew. With many 
full-page Illustrations from Photographs. In three vols. Demy 8vo. 
Cloth. Each vol. 4/6. 

" Every page of the work is full of valuable information, laid down in so interesting a 
manner that the reader can never tire." — Illustrated LondoH Sews. 

'* Mr. Henry Mayhew's famous record of the habits, earmngs, and sufferings of the 
London poor." — Lloyd's Weekly London Nentspaper. 

" This remarkable book, in which Mr. Mayhew eave the better classes their first real 
insight into the habits, modes of livelihood, and current of thought- of the London 
. poor."— The Patriot, 

The Extra Volume, 

LONDON LABOUR AND THE LONDON 

POOR : Those that will not work. Comprising the Non-workers, by 
Henry Mayhew ; Prostitutes, by Bracebridge Hbmyng ; Thieves, 
by John Binny ; Beggars, by Andrew Halliday. With an Intro- 
ductory Essay on the Agencies at Present in Operation in the Metropolis 
for the Suppression of Crime and Vice, by the Rev. William Tuckniss, 
B.A., Chaplain to the Society for the Rescue of Young Women and 
Children. With Illustrations of Scenes and Localities. In one large 
vol. Royal 8vo^ Cloth, 10/6. 

"The work is full of interestin|p matter for the casual reader, while the philanthropist 
and the philosopher will find details of the greatest import."— C£(|' Press, 



GENERAL LITJSBATUBB. 3$ 

Mr. Mayhew's London Labour— (C<?if/wii««0. 

ComfcnioH volume to the preceding, 

THE CRIMINAL PRISONS OF LONDON, 

and Scenes of Prison Life. By Henry Mayhew and John Binny. Illus- 
trated by nearly twro hundred Engravings on Wood, principally from 
Photographs. In one large vol. Imperiid 8vo. Cloth, 10/6. 

This volume concludes Mr. Henry Mayhen/s account of his researches into the 
crime and poverty of London. The amount of labour of one kind or other, which the 
whole series of his publications represents, is something almost incalculable. 

*«* This celebrated Record of Investigations into the condition of the Poor of the 
Metropolis, undertaken from philanthropic motives by Mr. Henry Mayhew, first gave the 
wealthier classes of England some idea of the state of Heathenism, Degradation, and Misery 
in which multitudes of their jworer brethren languished. His revelations^ created, at the 
time^ of their appearance,^ universal horror and excitement — that a nation, professedly 
Christian^ should have in its midst a vast population, so sunk in ignorance,^ vice, and verv 
hatred of Religion, was deemed incredible, until further examination established the truth 
of the statements advanced. The result is well known. The London of Mr. Mayhew will, 
happily, soon exist only in his pages. To those who would appreciate the efforts already 
made among the ranks which recruit our "daneerous" classes, and who would learn whsut 
yet remains to be done, the work will afford enlightenment, not unmingled with surprise. 



POE'S (Edgar Allan) COMPLETE POETICAL 

WORKS. Edited, with Memoir, by James Hannay. Full-page Illus- 
trations after Wbhnbrt, Wbir, and others. In paper wrapper. 
Illustrated, 1/6. 

SOUTHGATE (Mrs. Henry): THE CHRIS- 

TIAN LIFE : Thoughts in Prose and Verse from the Best Writers of all 
Ages. Selected and Arranged for Every Day in the Year. Second 

Edition, Cloth Elegant, 5/. 

Morocco Antique, .... 10/6. 

THOMSON (Spencer, M.D., L.R.C.S., Edinburgh, 

and J. C. STEELE, M.D., of Guy's Hospital) : 

DOMESTIC MEDICINE AND HOUSEHOLD SURGERY (A 
Dictionary oQ- Thoroughly Revised and in part Re- Written by 
the Editors. With a Chapter on the Management of the Sick-room, and 
many Hints for the Diet and Comfort of Invalids. With many new En- 
gravings. Twenty-fifth Edition. Royal 8vo. Cloth, 10/6. (See page 3 
of Wrapper.) 
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MR. SOUTHGATE'S WORKS. 



" No one who is in the habit of writine and speaking much on a variety of subjects can 
afford to dispense with Mr. Southgatb's Works. -^lasgviu News, 



First Series— Thirty- Fourth Edition. Second Series- 
Ninth Edition. 

MANY THOUGHTS OF MANY MINDS: 

Selections and Quotations from the best Authors. Compiled and 
Analytically Arranged by 

HENRY SOUTHGATE. 

In Square 8vo, elegantly printed on Toned Paper. 
Presentation Edition, Cloth and Gold, .... Each Vol. 12/6. 
Library Edition, Roxburghe, . . . , , . „ 14/. 

Ditto, Morocco Antique, „ 21/. 

Each Series complete in itself, and sold separcUely, 

" The produce of years of re&cairch..**— Examiner. 

"A MAGNIFICENT GIFT-BOOK, appropriate to all times and staisoas,**— Freemasons 
Magazine. 

'* Not so much a book as a library." — Patriot. 

" Preachers and Public Speakers will find that the work has special uses for them." — 
Edinburgh Daily Review. 

BY THE SAME AUTHOR. 



Now Ready, Third Edition. 

SUGGESTIVE THOUGHTS ON EELIGIOUS SUBJECTS: 

A Dictionary of Quotations and Selected Passages from nearly i,ocx> of 

the best Writers, Ancient and Modem. 

Compiled and Analytically Arranged by HENRY SOUTHGATE. In 

Square 8vo, el^^ntly printed on toned paper. 

Presentation Edition, Cloth Elegant, ....... 10/6. 

Library Edition, Roxburghe, 12/. 

Ditto, Morocco Antique, . 20/. 

" The topics treated of are as wide as our Christianity itself : the writers quoted fix)m, of 
every Section of the one Catholic Church of JESUS CHRIST."— ^«/A<?r'* Preface. 

' This is another of Mr. Southgate's most valuable volumes. . . . The mission which 
the Author is so successfully prosecuting in literature is not only highly beneficial, but neces- 
sary in this age. ... If men are to make anv acquaintance at all with the great minds 
of the world, they can only do so with the means which our Author supplies." — Homilist. 

" A casket of gems." — English Churchman. 

" Mr. Southgate's work has been compiled with a great deal of judgment, and it will, I 
trust, be extensively useful."— 7i«». Canon Liddon, D.D.^ D.C.L. 

" Many a busy Christian teacher Mali be thankful to Mr. Southg^te for having unearthed 
so many rich gems of thought ; while many outside the ministerial circle will obtam stimulus, 
encouragement, consolation, and counsel, within the pages of this handsome volume." — 
Nonconformist. 

" Mr. SouTHGATE is an indefatigable labourer in a field which he has made peculiarly 
his own. . . . The labour expended on ' Suggestive Thoughts ' must have been inuneuse, 
and the result is as nearly perfect as human fallibility can make it. . . . Apart from the 
selections it contains, the book is of value as an index to theological writings. As a model of 
judicious, logical, and sugp^estive treatment of a subject, we macsr refer our readers to the 
manner m which the subject ' Jbsus Christ ' is arranged and illustrated in ' Suggestive 
Thoughts.' "— Glasgow Newt. 



4 BOOK NO FAHILT SHOULD BE WITHOUT. 



N«w issue of this important Work— Enlarged, In part Rewritten, and 
thoroughly Revised to date. 

Twenty-Fifth Edition. Royal Svo, Handsome Cloth, los. 6d. 

A DICTIONARY OF 

DOMESTIC MEDICINE AND HOUSEHOLD SURGERY, 

BY 

SPENCER THOMSON, M.D., Edin., L.R.C.S., 

REVISED, AND IN PART RE-WRITTEN, BY THE AUTHOR, 

AND BY 

JOHN CHARLES STEELE, M.D., 

Of Guy's Hospital. 

With Appendix on the Management of the Slok-room, and many Hints for the 
Diet and Oomfort of Invalids. 



In its New Form, Dr. Spencer Thomson's "Dictionary of Domestic Medicine" 
fully sustains its reputation as the " Representative Book of the Medical Knowledge and 
Practice of the Day '' applied to Domestic Requirements. 

The most recent Improvements in the Treatment of the Sick— in Appliances 
for the Relief of Pain— and in all matters connected with Sanitation, Hygiene, and 
the Maintenance of the General Health — will be found in the New Issue in clear and 
fidl detail ; the experience of the Editors in the Spheres of Private Practice and of Hospital 
Treatment respectively, combining to render the Dictionary perhaps the most thoroughly 
practical work of the kind in the English Language. Many new Engravings have been 
introduced— improved Diagrams of different parts of the Human Body, and lUustrations ol 
the newest Medical, Surgical, and Sanitary Apparatus. 

*»• All Directions given in such a form as to be readily and safely followed. 



FROM THE AUTHOR'S PREFATORY ADDRESS. 

"Tl^^thout entering upon that difficult ground which correct professional knowledge and educated Judg- 
ment can alone permit to be safely trodden, there is a wide and extensive field for exertion, and for usefuuiess, 
open to the unprofessional, in the kindly offices of a true DOMESTIC MEDICINE, the timely help and 
solace of a simple HOUSEHOLD SURGERY, or, better still, in the watchful care more generally known as 
* SANITARY PRECAUTION,' which tends rather to preserve health than to cure disease. * The touch of a 
gentle hand ' will not be less gentle because guided by knowledge, nor will the safe domestic remedies be less 
anxiously or carefully administered. Life may be saved, suffering may always be alleviated. Even to the 
resident in the midst of civilization, the * KNOWLEDGE IS POWER/ to do good ; to the settler and 
emigrant it is IN VALUABLE." 

" Dr. Thomson has fully succeeded in conveying to the public a vast amount of useful professional 
knowledge."— Z?«^^V» Journal of Medical Science, 

** The amount of useful knowledge conveyed in this Woxk is surprisbg." — Medical Time* and Gaaette, 
" Worth its wbight in gold to pamilibs ahd the clergy."— ^j^/^n/ Herald, 



LONDON : CHARLES GRIFFIN & CO., Exetir Street, Strand. 



FIRST 8ERiE8-TH!RTY'F0URTH EDITION. 
SECOND SERIES-NINTH EDITION. 

MANY THOUGHTS'OF MANY MINDS: 

A Tntiuj of Btftmoti omiititfiig of Selootiont ftom th* ^Atb^ of tha nuat 
Odobnlsd Aithoak FIB8T AID 8E00ND 8ESIES. Oompilad ttd'iflbftlTtioiUy Ananjred 

By HENRY SOUTHOATE. 



im Sfvart iwo^f OtganOif prkUtd on toiud paj^, 

PresenUtioii Edition, doth uid QoU ^ ^ 13a. 6d. 
LIbrmry Edition, Half Bound, Boxboxvha m «• lU. 
Do.« Moroooo Antique ... m .•• 91a. 



each voloiaa 



••XiJIT TBOTJOHTS/ to., mn evidently the 
pvodnoe cf yean of reaearch.'*— £xomi>i«r. 

* Many tieautifnl examplea ot thought and atyle 
■ve to be foand among the aeleotiona.**— Icodar. 

" There can be Uttledoabt that it is deatined to 
take a high plaoe among hooka ol thla olaaa.'*— 
JfotM and Querietm 

" A treasnre to efwy leader who may be fbrtn- 
nate enough to poaaeaB it. Ita peroaal ia like in- 
haling eaaenoea ; we have the oream only of the 
great aathorB quoted. Here all are aeeda or gema " 
^^nglUh Journal cf EdvciUion. 

** Mr. Southgate'i reading will be found to ex- 
tend over nearly the whole known field of litera- 
ture, anoieni and modem.''~^<«<2«mafi'« MtLgor 
Hn*. 

*' We have no heaitation In pronouncing it one 
of the mo<a important booka of the aeason. Credit 
ia due to the pnbliahers for the deganoe with 
which the work ia got up, and for the extreme 
beauty and oorreotneea of the typography."— 
Morning Chroniele. 

** Of the numerona volumea of the kind, we do 
not remember having met with one in which the 
selection waa mora judicious, or the accumulation 
of treaanrea ao truly wonderful. ** -Morning Herald, 

** The adection of the extracta has been made 
with taate, jodgment, and oritioal nicety.**— 
MoningPo$L 

** Thia ia a wondrona book, and oontaina a great 
many gems of thought.'*— Z>ai/y Newi. 

** As a work of nferenoe, it will be an aoquiiti- 
tion to any man's library."— Piw6/i«/^«' Circular, 

** This volume oontaina more gems of thoufrht. 
refined senUmenta, noble axioms, and extractabie 
aentenoea, than have ever before been brought to- 
gether in our language.**— 7V FMA, 

** All that the poet haa deaoribed of the beautiful 
in nature and arL all the axioma of experience, 
the collected wisdom of philoeopher and aage, are 
garnered into one heap of uaeful and weU-arnnged 
instruotion and amusement.'*- TV Era, 

** The ooUeetioD will prove a mine ridh and in- 
ezhauattble. to thoae in aaaroh of a qnotatlao.**— 



•• Wm be f onnd to be worth Hi weight b goM 
by literary men.**- fV BvUdtr. 

- Bvery page la laden with the wealth of pro- 
floondeat thouffht, and all aglow with the loftiest 
inaplrationa of geniua. '*—^iar. 

"The work of Mr. Bonthgate far ontatripa aU 
others of ita kind. To the cleigyman^the author, 
the artlat, and the eaaaviat, ' ICany Thonghta ol 
Many Minda' oannot fail to render almost inoftl- 
culable WBrr\o^*'^JSdinimrgh Mercurf, 

** We have no hesItaUoD whatever in describing 
Mr.Sk)uthgate'8 as the very best book of the claiw. 
There is poaitively nothing of the kind in the lan- 

gumre that will bear a moment'a compariaon with 
r-^ManehnUr Weektp AdtmHter, 

** There ia no mood in which we oan take ft np 
without deriving, from it iu8tntction, consolation, 
and amnaement. We heartUy thank Mr. 8<>nthfrate 
for a bouk which we aha! I rezard as one of our 
beat frienda and oompanLoa."— Ctemftrwf^rc 
Chronide, 

** Thia work poaaeasMt the merit of being a 
MAONIFIOBNT 01 PT- BOOK, appropriate to all 
timea and aeasons ; a b«>ok calculated to be of use 
to the scholar, the divine, and the pohlio man." 
— Prtematon^t Magazine. 

** It ia not ao much a book aa a library of qno- 
tationa.**-/»a/rio«. 

** The quotationa abound in that thought which 
ia the mainapring of mental exerdaeL*'— Liai.r- 
pool Courier. 

** For purposes of apposit« q lotation, it cannot 
be surpassed. "—^mA'/ Tniteg. 

** It is impossible to pick out a single passage in 
the work which does not. upon the noe of it, jus- 
tify its selection bj ita Intrinaio merit.*'— />orMi 
Cfu-oniele, 

** We are not aurprised that a SeOOVD SERr V8 
of this work should have been called for. Mr. 
Sonthgate haa the catholic tastee desirable in a 
good Bditor. Preachers ani public 8Tv»ftker8 vrill 
find that it has special uses for thun."— AimfruryA 
DaUp ReHfw. 

'* The SBOOND SKR1B8 fully auatains the d» 
aerved reputation of the FiBST.'*— /oAa BuiL 
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